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ON THE EXISTENCE OF AN INTRINSIC DEFICIENCY IN 

PELLAGRA. 

A PRELmiNARY REPORT. 

By V. P. Sydenstricker, M.D., 

PROFESSOR OP MEDICINE, 

E. S. Armstrong, M.D., 

CMNICAD ASSISTANT IN MEDICINE, TTNn'ERSITY OF GEORGIA SCHOOL OF MEDICINE, 

AUGUSTA, GA., 

C. J. Derrick, M.D., 

RESIDENT PEDIATRICIAN, 

AND 

P. S. Kemp, M.D., 

RESIDENT PHYSICIAN, UNIVERSITY HOSPITAL, AUGUSTA, GA. 

(From the Department of Medicine, University of Georgia School of Medicine and 

The University Hospital.) 

For a number of years there has been doubt of the total validity 
of Goldberger’s theory that pellagra is entirely a manifestation of 
nutritional deficiency. McLesteU has pointed out some of the 
objections to this hypothesis. It has been the experience of many 
that severe advanced cases are poorly controlled by diet and vitamin 
the^ap 3 ^ Of 440 cases of pellagra observed in this clinic during the 
15-year period, 1919 to 1934, 119 (27.02%) died. The mortality 
rate, during the years 1924 to 1934, when yeast was used lavishly 
to fortify the diet, was 25.5% which compared favorably with the 
rate of 37.5% which prevailed before that time, but was still dis- 
couragingly high. Several observers, including Sjiies-'^ and the 
authors, ha\'e seen remission or recover\' while patients were on 
pellagra-producing diets. It is well known that chronic alcoholism 
and extensive neoplastic or obstructive lesions of the stomach may 

VOL. 192, NO. 1. — JULY, 1936 
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be associated with the development of pellagra. Occasionally the 
disease has been seen to occur in individuals seemingly adequately 
nourished in all respects and free from alcoholism or obstructive 
disease of the gastro-intestinal tube. Since the discovery of the 
relation of liver extracts and desiccated stomach to recovery in 
pernicious anemia, Spies,-*'®-' Ruffin and Smith," and others have 
drawn analogies between this disease and pellagra and have had 
success in treating pellagra with liver and stomach preparations. 
Improvement in patients so treated has been attributed to a pro- 
tective influence exercised by stomach on vitamin Bo or to the high 
Bo content of liver extracts, but Spies^ suggested a secondary factor 
analogous to the gastric deficiency in pernicious anemia. 

Pellagrins clinically may be separated into three general groups: 
The mild, who recover spontaneously on diets nutritionally inade- 
quate but fairly high in calories; the severe, who mend slowly on 
a diet high in caloric A'alue enriched with vitamins; and the intract- 
able, who are prone to die febrile or demented in spite of all remedial 
measures. Admitting that an extrinsic deficiency is active in the 
production of pellagra and that the essential substance is in all 
likelihood the Bo complex; and not denying that factors as diverse 
as infection, seasonal influences and excessive solar radiation may 
play a part in the genesis of the disease, an exqdanation is necessary 
for the fact that many patients fail to improve when the essential 
substance is administered even in great excess. If it could be 
shown that an intrinsic factor exists which is necessary for the 
utilization of the e.xtrinsic factor Bo, many of the paradoxes of 
pellagra might be explained. It might be inferred that prolonged 
deficient intake of e.xtrinsic factor leads to e.xhaustion or failure of 
production of intrinsic factor in certain individuals with develop- 
ment of the symptom complex of pellagra. In some, sufficient 
intrinsic factor may remain or be regenerated to make possible 
utilization of minimal amounts of extrinsic factor. In others, a 
large intake of extrinsic factor may jiromote rapid regeneration of 
intrinsic. In others still, intrinsic factor is lacking and cannot 
regenerate even in the presence of abundant extrinsic factor which, 
therefore, is not utilized. 

In imitation of the work of (.’astle and his associates®-'- on per- 
nicious anemia it was determined to test the efficacy of normal 
gastric juice as a source of an hypothetical intrinsic factor. The 
jjatients to whom gastric juice was given were typical advanced 
cases of pellagra. Recent alcoholism and obstructive lesions of the 
gastro-intestinal tract were absent. 

Method. Five patient.s were maintained on the original Goldberger- 
Wheeler ■ 1' ■]■■ ■- - diet to wliich was added 2.5 gin. of fat .«!nt 

pork. A; ' ■ , . ■■■ ' ' ad .a daily caloric value approximating 1400 G. 

and contained approximately 200 gm. of carbohydrate, 25 gin. of protein 


intrinsic deficiency in pellagra 


o 
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and 30 gm. of fat. Sources of B, were minimal, collards being the only 
article of diet containing it in appreciable quantities. One patient was 
desperately ill and stuporous and was given the routine liquid pellagra 
diet used in treatment of the most severe cases. In the absence of any 
quantitative method of estimating improvement or regression impressions 
^ve_re based on the mental state, progi’e.ss or resolution of dermatitis, glos- 
sitis and stomatitis, frequency of stools and gain in weight. Three patients 
were held on the pellagra-producing diet for a preliminary observation 
period of 2 weeks or more. • One patient was given during the observation 
period amounts of hydrochloric acid comparable to the normal daily secre- 
tion. As items of interest weeklj'’ ana] 5 ''ses of gastric juice obtained after 
histamin were recorded and tongue prints were made at weekly intervals. 
It is not to be infeiTcd that anj’’ relation is implied between the degi'ee 
of gastric acidit}’ and the presence of intrinsic factor. Gastric juice was 
obtained from normal medical students and from patients with no gastro- 
intestinal disease. To obviate the probability of increased gastric digestion 
of food, all doses of gastric juice were administered in the evening some 
4 hours after the evening meal. 

Case Abstracts. Case 1. (ISTo. 92931.) B. R., female negro, aged 45, 
was admitted, October 25, 1934, with symptoms of 4 months’ duration. 
She 'Was emaciated, weighed 75 pounds and had a typical pellagrous der- 
matitis of forehead, face, hands, forearms and feet. The tongue was briglit 
red with advanced jiapillary atrophy; there was moderate stomatitis. 
Diarrhea with 4 to 5 stools daily had been present for 1 month. 'Tem- 
perature, 99° F.; pul.se, 110; respiration, 24; blood pressure, 96/74. General 
physical e.xamination was not remarkable. The urine was negative. The 
blood contained hemoglobin, 80%; R.B.C., 3,930,000; W.B.C., 8300. Rou- 
tine blood cliemical determinations were normal. The Wassermann and 
Kahn tests were positive. Analyses of gastric contents are tabulated below. 


Date. 

— t/-- 

Table 1.— ANABYeE.s op Gastoic Contents, 


1934. 

Fret HCl, 

'! ot!il uc'idity 

Oct. 25 

. , . . . . . 0 

5 

Nov. 17 

. , . . 0 

8 

29 

0 

s 

Dec. C 

, . . 44 

GO 

12 

. . , . 39 

51 

24 

. . . 20 

42 

31 

15 

35 

1935. 
Jan. 26 

. 40 

5S 


This patient Avas fed the regular Avard diet for 22 days, during Avhich 
she became slightly AA^orse, AAuth increasing stomatitis and diarrhea. Her 
Aveight on NoA^ember 17 Avas 75| pounds, when she Avas put on pellagrty 
■producing diet. During the ensuing 2 weeks there was definite incretye in 
dermatitis and stomatitis, diarrhea, with 5 or 6 stools daily, persisted. 
On NoA'^ember 29, her AA^eight AA^as 75^ pounds. On this day and the 9 
ensuing days she was given 200 gm. of ground raw lean beef incubated AA’ith 
200 cc. of normal gastric juice, according to Castle’s techniciue,^® AA'hich 
Avas administered at 8 p.m. by stomach tube. On December 2, marked 
improvement in the stomatitis and glossitis AA'as noted. On December 6, 
stomatitis Avas healed, the tongue had lost its glossA'^ redness, there was 
beginning desquamation of the skin lesions, and diarrhea had lessened to 
2 stools daily. SubjectiA’-e improA^ement was marked and the Aveight Avas 
78 pounds. On December 9, after 10 doses of beef incubated in gastric 
juice, treatment AA^as discontinued. Clinical improA'ement Avas remarkable. 
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the mouth looked noniial, the tongue was pink and showed regeneration 
of papilla;. The skin lesions were far advanced in resolution and stools 
reduced to 1 dailj'. It was decided to maintain this patient on pellagra- 
producing diet and to expose her to direct sunlight in an effort to produce 
a relapse. She continued to show clinical improvement with complete 
resolution of skin lesions, absence of diarrhea and subjective well-being. 
On December 24, the weight was 83 pounds; on Januai^' 6, 1935, she was 
dismissed, clinically cured, weighing 88 pounds. She was observed on 
January 26, when gastric contents were secured, and at intervals until 
September 1, 1935. Tliere has been no recurrence of pellagra. 


CoiEMENT. Tin's patient, after administration of 200 gm. of raw 
beef incubated with 200 cc. of normal gastric juice daily for 10 days, 
showed extraordinary improvement which was maintained during 
a subsequent observation period of 4 weeks, during which she 
remained on pellagra-producing diet and was frequently e.xposed to 
sunlight. Eight months later no signs of pellagra could be detected. 
It is felt that this Avoman cannot be said to have improved as a 
result of gastric juice alone; the lean beef used is considered an 
excellent source of Bn. The rather spectacular remission may have 
been due to administration of large amounts of both extrinsic and 
intrinsic factor. On this account no similar experiment was carried 
out. 


^Case 2.— (No. 93433.) H. S., aged 33, a white male, was admitted, 
November 11, 1934, vith sjTnptoms of 4 months’ duration. He Avas fairly 
well nourished; Aveighed 131 pounds. T 3 'pical pellagrous dennatitis of malar 
eminences, liands, forearms and feet. The tongue Avas smooth, bright 
red and fissured; there Avas no marked stomatitis. Diarrhea had been 
present for 6 Aveeks, averaging 5 stools dailj'. Mild dementia Avas present. 
Temperature, 100° P.; pulse, 88; respiration, 20. General phj'sical exam- 
ination shoAved nothing unusual. The urine was negath-e. The stools 
contained no parasites. The blood contained hemoglobin, 80%; R.B.C., 
4,580,000; 'W.B.C., 6700. The Wassermann and Kahn tests AA'ere positive. 
Routine blood chemical detenninations Avere normal. The results of 
anah'ses of gastric contents are tabulated beloAA’. 


Date. 
19.34. 
Nov. rj 
25 

Doc. 1 
,s 


T.tiiLE 2 . — Analysf.s or G.^stjhc Costbsts. 


I-rrr- UCI. 
0 
0 
0 

. .32 


Tot..tl .aridity, 
S 

/ 

11 

43 


This man Avas put on jiellagra-producing diet for 2 Aveeks, at the end of 
Avhich dermatitis and glo.«itis Avere Avoree; diarrhea Avas .^omewliat le.-^s, 
UA-eraging 4 stools daih-. The mental state wa.s distinctly Avorsc; he Avas 
moro.re, irritable and inclined to be uncooperative. Irom .Novcmtier ...i 
to December 4, inclusive, normal gastric juice in amounts vanang from 
1.50 to 300 cc. Avas giA-cn dailv at 8 p.m. On December 1, dcfmite improye- 
inent could be noted; the tongue was pink and shmved slight regeneration 
of papilla-; the .skin lc.4ons avc ■ ■ 7 ’'’"y’-"" red ^nrfaccc. 

The stools Avere reduced to 2 '. .'. ■ '. ' ;■■■■ diet y. as continued 

until Ins di-miissal from the ho.spital, on Decemoer ib. At this time he va- 
clinicallv Avell. The tongue looked normal, the areas of dernmtifi.' h.i 
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completelj^ desquamated, stools were 1 daily and the mental state seemed 
normal. The weight was 133 pounds. 

Case 3. — (No. 93485.) R. M., a white female, aged 58, was admitted, 
Isovember 21, 1934, Tilth symptoms of 3 weeks’ duration and sudden onset, 
on November 1, with diarrhea and soreness of the mouth and tongue. 
Eruption appeared on the hands about November 15. She had been 
under observation and treatment in the Out-Patient Department since 
November 5. She was fairty well nourished; weight, 128 pounds. There 
was edema and bright red erythema of the forehead, bridge of the nose, 
hands, wrists and forearms. The tongue was bright red, ulcerated at the 
edges, slightly atrophic; there was moderate stomatitis. General ph 5 ’’sical 
examination revealed nothing significant. The temperature was 100° F.; 
pulse, 88; respiration, 20. The lirine contained traces of albumin. The 
stools contained no parasites. The blood contained hemoglobin, 70%; 
R.B.C., 3,600,000; W.B.C., 8750. Routine blood chemical determinations 
were normal. The Wassermann and Kahn tests were negative. Results 
of anatyses of gastric contents are tabulated below. 

TavIjH .3. — ANAnY.SES op Gasthic Contents. 


Date. 

19.34. Free HCl. Total aridity. 

Nov. 22 0 7 

28 ... . 28 .39 

Dec. 5 .20 22 

12 *. . . .12 27 

1935. 

Oct. 3 5 17 


Since this Avoman was acutely ill with slight fever, a rapidly developing 
eruption and severe diarrhea averaging 9 stools daily, it was not thought 
wise or necessary to hold her for an observation period. She was giA^en the 
pellagra-producing diet, and normal gastric juice in amounts varjong from 
160 to 270 cc. Avere gNen daily from NoA^ember 22 to December 1, inclusiv'e. 
On November 24, definite recession of dermatitis and stomatitis was noted 
and the stools Avere reduced from 9 to 3 in 24 hours. On December 1, der- 
matitis had resolved, leaAnng slight reddening of the skin, and stomatitis 
and glossitis had disappeared. Stools were 1 daily. She was subjectively 
well. She Avas kept on pellagra-producing diet during the remainder of her 
stay in the hospital and discharged, _ December 13, clinically well. She 
has been folloAved u]i to the present time and has had no relapse. 

Case 4.— (No. 93928.) J. H., a negress, aged 23, Avas admitted, Decem- 
ber 13, 1934. There had been 3 previous admissions to the hospital, on 
March 16, 1931, July 9, 1931 and May 4, 1932. On each occasion the 
diagnoses were pellagra and sicklemia. The present relapse began 4 weeks 
before admission, AAoth diarrhea up to 6 stools daily; stomatitis and der- 
matitis appeared 3 Aveeks before admission. She Avas emaciated; weight, 
H\ pounds. The forehead, nose, cheeks and chin presented the “pellagrous 
mask.” There Avas severe moist dermatitis of the hands, AVTists and 
forearms, dry dermatitis of elboAvs, feet and ankles. There was Anginitis 
thought to be of pellagrous origin. There was seA^'ere stomatitis, the tongue 
Avas atrophic but not red or ulcerated. There AAns slight mental confusion. 
General physical examination showed no other gross abnormalities. The 
temperature was 99° F.; pulse, 92; respiration, 20. The urine A\-as con- 
centrated and contained a few leukocAdes. The stools contained no para- 
sites. The blood contained hemoglobin, 30%; R.B.C., 1,650,000; W.B.C., 
9000. Sicklemia was present. Routine blood chemical determinations 
AA'^ere normal. The Wassermann and Kahn tests AA*ere negatiA'e. Results 
of analj'’ses of gastric contents are tabulated below. 



0 • SYDENSTRICICEU, ARMSTROXG, DERRICK, KEMP: 

This patient was put on pellagra-producing diet with no preliniinarj- 
observation period. It was decided to give hydrocliloric acid in amounts 
tlieoreticaUy equivalent to normal daib' secretion: 100 cc. of 2.92% HCl 
were diluted to 300 cc. and given tlrrough a stomach tube each night at 
8 p.ir. . Tins was the amount of acid calculated to be present in 1500 cc 
of gastric juice at an acidify of 50° C. free HCl. Ho discomfort was occa- 
sioned bj' this do.sage. The patient’s condition grew gradually worse with 
increasing stomatitis, dermatitis, diarrhea up to 7 stools daify and increasing 
mental confusion. On Januarj’- 4, 1935, her condition was alarming after 
3 weeks of acid therapjq and acid was discontinued. On this daj', and for 
11 subsequent days, she was given gastric juice in amounts varjdng from 
180 to 300 cc. daify at S p.m. By January S, her stomatitis was much 
improved, diarrhea reduced to 2 stools daily and the moist dermatitis was 
drjdng. On January 13, she developed an acute upper respirator}' i^ection 
which caused fever for 17 days. In spite of this her pellagrous manifesta- 
tions improved rapidly, so that on January 16, the day after treatment 
with gastric juice was discontinued, it was noted that stomatitis was 
healed, dermatitis desquamating and diarrhea absent. The mental state 
was much improved. From tin's time improvement was gradual, ndth 
slow resolution of dermatitis and improvement in the mental condition. 
The patient was hospitalized until March 13, constantly on pellagra-pro- 
ducing diet, in an effort to jirovoke an early relapse. At the time of 
discharge all pellagrous manifestations had been absent for 1 month, and 
weight had increased to 89 pounds. * The hemoglobin was 50%; R.B.C.. 
2,300,000; W.B.C., 6250. 


Date, 


1934 . 
Dec. 18 

24 

1935. 
Jan. 1 

1 ) 

10 

21 

Feb. 2 


T.^dle 4 . — A.vai.vses op G-asthic Co.vte.vts. 

Free HCl. 

. . . 0 

; 0 

0 

0 

0 

0 

0 


Tot.ll ncidiiy. 

S 

3 

5 

5 


IVeekly examinations, from February 9 to date of di.scliarge, showed 
no change in the gastric contents. 

Case 5.— (No. 97426.) V. D., a negress, aged .38, was admitted, June 15, 
1935. No historj' was ever obtainable. She was emaciated, weighing 
76 pounds, and was comatose, with extensive dermatitis of the hands, wists, 
foreanns, elbows and feet. A vaginitis was thought to be of pellagrous 
origin. There was ulcerative stomatitis with salivation and marked glos- 
sitis with atroidiy of the papillie. General jihysical examination showed 
no givss abnonmilitics other than cwdences of extreme dehydration. The 
urine was concentrated, contained albumin and hyalin casts, acetone and 
diacetic acid. Stools were frequent andjin-oluntary; no parasites were 
found. The blood contained hemoglobin, 70%; R.B.G., 3,300,000; u .B.G,, 
(iSOO Blood chemical determinations showed .slight increase in non- 
inotein nitrogen on adrni.^ion. No of Imr abnormal hndi^ngs. The B asscr- 
uiann and Kahn te.st.s were negative. Temiieniture, 100.8 !■.; pulse, 120; 

re.-Jiiiration, -10. . ... oi 

This p-ificnt was apjiarentlv in t\rtrnm.s on adinission. .She w.as given .a 

lidtiid, high-e:doric, liich-vitamin diet, including 4.') gin. of dried Imnvers 
veast. To this was added 12 cc. of dilute HCl; 1 cc. oi liver extract i Lilly, 
:M3-.-oluble) wa.« given intratnilscularly daily. In addition, she wa.s given 
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10 gm; of ventriculin, 3 times daily, for _2 weeks and for aiiotlier 2 iveeks, 
90 cc. of liver extract for oral administration daily. Gastric juice in 
amoimts_ varying from 100 to 300 cc. was given on 49 of the 51 days of 
observation. All usual measures for emergency hydration were practised 
on admission and glucose was administered on many occasions; 300 cc. of 
blood were given by transfusion on July 13, and again on July 19. ■ Thi.s 
patient remained stuporous or delirious during her entire stay in the hospital. 
She was constantly and increasingly febrile, temperature reaching 105° F. 
50 days after hospitalization. Diarrliea was constant and involuntary. 
Feeding was always forced and usually by tulie. Death occurred on 
August 5, 51 days after hospitalization. Autopsy showed no cause for 
fever or death. There were the usual atrophic changes in the gastro- 
intestinal tract which are seen in fatal pellagra. 

Table 5. — Analyses of Gasthic Contents. 


Date. 

19.35. Free HCl. Total acidity. 

June 15 4 7 

July 21 IG C5 


Comment. Observation of similar febrile stuporous cases of 
pellagra led us to expect an early fatal outcome. All known 
methods of treatment were employed, and have been previously 
employed by us except the use of gastric juice. It is a question 
whether the prolongation of life in this instance was due to gastric 
juice. • 

Case 6.— (No. 97541.) A negress, aged 47, was admitted, June 21, 1935. 
No definite onset of symptoms could be determined. She had been in 
failing health for 7 months, vdth increasing weakness, loss of weight and 
sore mouth. She ^vas verj"- thin, weighing 103 pounds. There was typical 
pellagrous dermatitis of the hands, wrists, elbows and luiees. The tongue 
was red and smootli, not ulcerated; there was moderate stomatitis. Diar- 
rhea was absent. ]\Ientality was verj'- poor but not definitely deteriorated. 
The urine was not abnormal. The stools contained no parasites. The 
blood contained liemoglobin, 70%; R.B.C.. 4,232,000; W.B.C., 5400. 
Blood chemical determinations were normal. Wassermann and Kahn tests 
were negative. The temperature was 98.4° F.; pulse, 80; respiration, 20. 

Table 6.— Analyses of Gastric Contents. 

Free HCl. Total aciclily. 

. . . . 0 10 

. . 0 0 

, . 0 10 

Subsequent analyses at weeldj’’ intervals showed no change in values. 

This patient was put on pellagra-producing diet for 2 weeks. ISo 
significant change in her condition occurred. On Julj’’ 4, gastric juice vas 
started and was administered in amounts varjdng from 80 to 200 cc. for 
23 consecutive da 3 ''s. There was steady but not spectacular improvement. 
On July 20, stomatitis was healed, and the tongue had Msumed a normal 
appearance, dermatitis was exfoliating but not healed. On Julj’’ 30, v hen 
gastric juice was discontinued, all signs of pellagra had disappeared, the 
weight was 116 pounds. The blood showed some improvement, hemo- 
globin, 80%; R.B.C., 4,600,000; W.B.C., 9250. ^ Pellagra-producing diet 
was continued until discharge, on August 7, 1935. 


Date. 
19.35. 
June 22 
July 4 
12 
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_ Summary. _ Six cases of iiellapra have been treated witli gastric 
juice in varying amounts given over periods of 10 to 49 da\-s. In 
1 instance (Case 1), ground raw beef was incubated witli the gastric 
juice and the predigested beef administered daily for 10 days. 
Ihree cases (Cases 2/ 3 and 4) of severe pellagra improved more 
rapidly than our experience would lead us to expect even when 
optimum diet fortified with vitamin Bo is administered. One case'’ 
of inoderately severe pellagra improved" rapidly and was in complete 
remission after 23 days. One case^ of extremely sei'ere febrile 
comatose pellagra survived for 51 da>'S with the administration 
of gastric juice. All patients except Case 5 were fed a pellagra- 
producing diet. 

Certain variations, interesting but quite inconstant, were. noted 
in the acidity of the gastric juice during treatment. 

Conclusions. The results obtained by administering gastric juice 
to a small number of pellagrins maintained on pellagra-producing 
diet would indicate that unusually rapid recovery may take place 
under this treatment. 

It is suggested that there is an intrinsic factor present in normal 
gastric juice which makes possible the utilization of minimal amounts 
of extrinsic factor (Bo). 

Prolonged remission in at least 2 instances indicates that this 
intrinsic factor may be stored in the body. 

The hypothesis is, therefore, advanced that in pellagra there is ’ 
an intrinsic deficiency of variable degree. Some individuals retain 
enough intrinsic factor to recover even on diets grossly deficient in 
vitamin Bs. Others are able rapidly to regenerate intrinsic factor 
in the presence of an abundant supply of extrinsic factor and so 
recover on high-vitamin feeding. Others are totally lacking in 
intrinsic factor and unable to regenerate it even under optimum 
dietetic therapy. These ma^' recover under substitution therapy 
with intrinsic factor or may die of nervous or cardiac damage 
inflicted before therapy was started. 

It is further sugge.sted that the intrinsic factor is exhausted or 
cannot be regenerated during jirolonged deprivation of extrinsic 
factor. 
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Build and Diabetes. Child and adult diabetics show distinct 
differences, as compared to healthy indi^dduals of the same ages, in 
regard to build, and this phase must be discussed separately for the 
two groups. 

Height. The adult diabetics have a normal distribution in regard 
to height (Table 9). The average height without shoes f was 5 feet, 
7.2 inches for men and 5 feet, 1.8 inches for women. These measure- 
ments are not significantly different from the average heights, with 
shoes, for males of 5 feet, 8J inches, and for females of 5 feet, 4-| 
inches, based on recent insurance data on lieiglits.^i Allowance 
must also be made for the fact that the diabetics include a large 
percentage of foreign-born Jewish patients who tend to be below 
average height, and also a large proportion of old persons who have 
already suffered some loss in height due to age. j j x: • i 

In children, on the other hand, the height at onset tends dranitelj 
to be above the average, so much so that overheight may be con- 

* Part 1 appeared ia the June issue of this journal. i i ;nr.ii 

t Where measurements were taken with shoes, deductions for heels vere. 1 inch 

for men and 2 inches for women. 
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sidcred a distinct characteristic of the diabetic child at tlie beginning 
of his diabetes. Before presenting results, it may be well to point 
out the special precautions which are necessary in analvzing these 
facts for children. First of all, since we are dealing with the" period 
of active growth, the facts regarding the build of the child are 
trustworthy onlj' if accurate and periodic records of the child’s 
grovrth are kept or if the onset of the disease can safely be placed 
within a very short time of the first e,\:amination at which accurate 
measurements are made. In our analysis given in Table 10 we 
have included onlj- cases where the height as of the date of onset 


Table 

9.— Height (Witiioct Shoes) of .Adult Diabetics. Percentage Dis- 
tribution- OF P.ATIEN-T.S Aged 20 .and Over at Onset. By Sex. 
Experience of E. P. Joslin, 1S97-192S. 




; 

Feiralrs. 


Inchos. 

\ Per cent 
{ of total. 

1 Feet. 

Inchcf*. 

‘ Percent 
j of total. 

Total • 


. . . , : 100.0 

Tot al 


. , : 100.0 

5 

2 and under . ; -1,2 

4 

.8 and under 

. . ' 2.3 

5 

.3 

. . . . • 4.3 

■i 

9 . . . 

. . 3.0 

5 

4 

. . ... 7,1 

4 

10 . . , 

. . G.l 

5 

0 

. . . . 11.4 

4 

11 . , . 

, . , S.2 

o 

0 

. . . . 12.7 

o 

0 ... . 

. . 11.0 

5 

7 

. . . 14,1 

o 

1 . . . 

. . 1.3.4 

5 

8 . 

. . . . ' 14. G 

o 

2 . . . 

. . 15.8 

5 

9 

.... 11.7 

5 

3 . . . 

. . ' 13.7 

5 

10 

. . . . i 8,4 

5 

•I . . . 

. . ! 10.5 

5 

11 

. . . .' G.l 

5 

5 .. . 

. . ' 7.2 

c 

0 

.... 2.9 

o 

0 . . . 

. . 4.3 

G 

1 

.... 1.3 

o 

7 . . . 

; 2.2 

G 

2 and 

over . 1.2 

5 

8 and over 

. . 1.7 

Average height: 

5 feet, 7.2 inches 

• 

5 feet, 1.8 inches 


Number of cases I 

with knotNTi heights: 2,299 2,381 


was stated, and was consistent with other (usually hiter measure- 
ments), or, if the height was not given as of onset, the case was used 
only if diabetes was diagnosed within 2 months of onset. Of loO 
boys whose diabetes began before age 20, and who met these specifi- 
cations, 55.3% were above average height for their age, 10.-1% 
were average height and only 2.S..3%, lielnw average height.* Simi- 
larlv, of 107 diabetic girls, 58% were above average height, 11.2% 
of average height ami only 30.8% below average height. In girls 
the proportion of tall height was larger under 15 than o\cr that age. 


* The figures cited here arcinurli lower tli.-in thofe 
for this exi)erionce. It is due to the use of (-even'r 
and al.so of more rerent height .“tandiirds which gi\e 


[ireviou.'ly rcKirted by Whited- 
standards of H'lortion of I'.a-s's 
higher figures for normal than 


those tiM'd by Wliite. 
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The standards used were relatively severe, namely, Baldwin’s-"” 
averages of Iowa children at ages under 6 and a group of private 
school children at ages 6 and over, on whom successive measure- 
ments were available over a period of years. A high frequency of 
' overheight in diabetic children at onset was first pointed out by 
Priscilla White^® and since has been reported by many observers. 
John-^ has recently summarized these data. 


Table 10. Number of Cases Below and Above Average Height. Male and 
Female Child Diabetics. By Broad Age Groups at Onset. 
Experience of E. P. Joslin, 1897-19.12. 


Age at onset 
(nearest birtlidny). 


Males. 



Femiilcs. 


All 

heights. 

Below 

average 

heiglit. 

Average 

lieight. 

Above 

average 

licight. 

All 

heights. 

Below 

average 

height. 

Average 

height. 

Above 

avcnij^c 

height. 

All ages . 

150 

45 

20 

88 

107 

33 

12 

02 

Under 5 

29 

7 

5 

17 

18 

4 

3 

11 

5- 9 . . . 

4C 

14 

6 

20 

20 

7 

4 

15 

10-14 . . , 

53 

17 

7 

29 

.40 

8 

3 

29 

15-19 . , . 

31 

7 

8 

10 

23 

14 

2 

7 


Maximum Weight Prior to JHabetcfi. The adult diabetic tends 
definitely to be overweight at the onset of his disease. The analysis 
of this experience (Table 11) is based on the per cent departures 
from average weight, height and age considered, at maximum weight 
prior to diagnosis of diabetes.* Among males, age 20 or over at 
onset, 78.5% were at least 5% overweight at the time of their 
maximum weight and among women, no less than 83.3%. More- 
over, 51% of the males and 59.3% of the females were at least 
20% overweight, and 16.5% of the males and 25.8% of the females 
were actuallj'’ 40% or more above average weight. 

This factor of obesity at or prior to onset is one of the most stable 
characteristics in the medical history of diabetics. AVhen analyzed 
in four different periods, the proportion of overweights was approxi- 
mately the same in all four. Among adult males, the proportion 
5% or more overweight varied only between 78.1 and 80.1%, and 
among females, between 80.5 and 86.4%.^ 

Among patients with onset of diabetes in adult life, the proportion 
who were overweight at their maximum weight is fairly constant 
at the various ages (Table 11). The only exception is in eai’B'’ adult 
life, where 59.2% of males were overweight' and 64.6% of females, 
as compared with 78.4 to 84.6% of males in later life and 81.2 to 
88.2% in females. 


* As we have indicated in the preceding paper, •-« these percentages Iwsed on depar- 
tures from average weight, understate both the frequency and degree of o^ens eight, 
because these basic averages increase with age. The nature of these increases is such 
that the average weights at the older ages do not represent the ideal weights. 
Unfortunately, there are no commonly accepted weight standards of tha ype. 
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111 all tli(^e groups, the luajoritj' of the I’eniaining eases were of 
average weight at their maximum. Very few had always been 
thin people, i. e., at least 20% underweight Less than 1% were 
in this group among patients 35 years or over at onset, the propor- 
tion being especialh^ small in the case of females. This figure for 
those 20 % or ipore underu-eight compares with 1.7 %-' among insured 
men at the time of acceptance for insurance. The latter figure, 
however, is somewhat too low for the general population, because 
some marked undeni'eights are rejected for insurance. 

Table 11, — Maximum Weight Phior to O.vset or Diabetes of Adult Diabetics. 

Percentage in Groups Cuassified bv DE\^ATION From the Average Weight 
■ FOR Height and Age. Classified by Year of Examination, Age Groups 
at O.nset and Sex. Experience of E. P. Josli.v, 1S97-192S. 

I Total. I Ye.ir of c.Taiiiinntioii. ■ Age .it onset. 



1897 

to 

1028. 

1897- 

to 

1914. 

1915 1 1920 
to 1 to 
1919. 1 1924. 

192.5 

to 

1928. 

. 20 
i to 
j 34. 

35 

to 

44. 

; 45 
to 
j 54. 

55 i 65 
to > and 
01. j OVCT. 

Males: 

Total .... 

100.0 

100.0 

100.0 

100.0 

100.0 

jioo.o 

lOO.OjlOO.OllOO.OilOO.O 

OvcrneiRlit, total . 

•7S.5 

79.0 

SO.l 

78.2 

78. 1 

! .59.2 

80.0; 81.0 

.83.3! 78.4 

20% or more . 

51.0 

52.2 

51.1 

49.8 

51.8 

29.5 

51.5 

.59.8 

.51.0 51.2 

40% or more . 

16.5 

15.9 

10.0 

16.1 

17.0 

10.6 

15.6 

I 21.5 

14.7; 10.3 

30% to 39% . 

13.9 

17. S 

13.4 

13.1 

14.2 

5.7 

16. 5 

I 14.0 

10.9} 16.9 

20% to 29% . 

20.6 

18. 5 

21.7 

20.6 

20.0 

13.2 

19.4 

1 21.3 

23. o! 18.0 

5% to 19% . . 

Normal rvciglit . 

27.5 

27.4 

29.0 

28.4 

26.3 

29.7 

28.5 

24.8 

28.7 i 27.2 

13.6 

13. -t 

n.c 

14.2 

14.4 

20.8 

13.5 

: 10.9 

11.31 15.7 

UnileraeiRlit, total . 

7.9 

7.0; 10.3 

7.6 

7.5 

20.0 

6.5 

4.5 

5.4 5.0 

5% to 19% . . 

7.1 

6.4 

9.3 

6.7 

6. 8 

10,0 

5. 7 

3.8 

4.8 ! 4.7 

20% or more . 

O.S 

0.6 

1.0 

0.9 

0.7 

1,0 

O.S 

0.7 

0.0| 1.2 

Females: 

Total .... 

100.0 

100.0 

100.0 

100.0 

100.0 

100.0 

100.0 

100.0 

1 

100. O' 100.0 

OverrveiRlit, total . 

S3. 3 

so. 4 

80.5 

.S4.6 

82.4 

61.6 

83.9 

88.2 ( 

8.5. 7 ' ,81.2 

20% or more . 

.59.3 

75.4 

57.2 

60.6 

57.0 

40. o! 

6J.0 

65.6! 

.59.7; 50.0 

•10% or more . 

25. S 

28. S 

30.1 

25.51 

21.S 

l,S.2i 

32.4 

29.7 i 

22.8' 14.7 

30% to 39% . , 

14.2 

19.2 

10.0 

1.5.1 

14.1 

10.9 

14.9 

1.5.0; 

14.11 12.8 

20% to 29% . . 

19.3 

27.4 

17.1 

20.01 

18.7 

10.91 

16.7 

20.3; 

22.8' 22.5 

o% to 19% . . 

Normal wciRlit . 

24.0. 

11. 0 

23.3 

24. Oi 

24.8 

2J.0i 

19.9 

22.0 1 

20. oi 31.2 

10.4 

6.S 

11.9 

.S.Sl 

n.7j 

17.5 

9.3 

s-il 

10.91 II.O 

UndcrwejRlit. total . ; 

6,3 

G.S 

7.6 

c.cl 

5.9' 

17.9 

6.8 

3.7' 

3.4 j 7.8 

5% to 19%o . . ■ 

5.5 ' 

6.8 

7.1 

5.7 ' 

5.1 ; 

15.1 

6.3 

3.51 

2.7' 0.9 

20','i or more . 

0.8 i 


0.5 

0,9| 

0.8 

1 

2. si 

0.5 

0.3 

0.7, 0.9 

Ni;.vukii of Cases: 

i 

I 

1 

1 

793 j 


i 

3S5 1 




Males .... 

2.251 \ 

1.57 : 

313 i 

t»ss 

471 i 

716 ' 

501 ' 172 

Fcnialca .... 

2,315 : 

73 1 

210 ‘ 

S9C i 

1.166 ; 

28.5 I 

413 , 

802 , 

507 , 21^^ 


Patients with onset of diabetes between ages 20 and o5 show iin 
appreciablj' lower proportion of overweights than those vith later 
onset. The frequency of overweight, even in these younger case.s, 
however, is far above normal. Of the males, 50.2% _^*‘**^^ been 
overweight at their previous maxiriuim weight and rFJ.ti% of the 
females. A large percentage of these eases, moreover, was only 
moderately overweight. The remaining easc.s ivere about eicnn 
divided between normal weight and underweight. K\en junonir 
these iiatients. between 20 and 35 year.s at onset, }iowe\ er, re a- 
tively few had been markally undcrwciglit (20% or more). Only 


JOSLIN’, DUBLIN, :\rARKS: STUDIKS IV J>;ABETES JIELLITUS 13 

1% of these young male diabetics aiid 2.3% of the females had 
always been that much underweight. 

Covi'parwon With Other Experience.s'. The presence of obesitv 
prior to the onset of diabetes is probably the best-known charac- 
teristic of the disease. It is, therefore, unnecessarj'' to present in 
any great detail the findings of other observers. In Table 12 we 
show, therefore, only 3 other recent experiences,^''*'-^'^') in comparison 
with the present one. The basis of the comparison is the percentage 
■ of adult jiatients at least 20% overweight and the percentage at 
least 30% overweight at the maximum prior to diagnosis of dia- 
betes. It is notable that 2 of the 3 show considerably higher per- 
centages of overweights prior to diabetes than the present one and 
the lower incidence of overweight in the third group is probably 
due to the inclusion of a fairly high percentage of children among 
whom, as we shall see later, obesity is relatively uncommon. A 
striking feature in all experiences is the greater frequency of over- 
weight among diabetic women than men. 

Tabm 12. — M.vximum Weight of Adult Diabetics Prior to Diagnosis. Per- 
centage OF Patients at Least 20% and at Least 30% Overweight. 

By •'Sex. Hecent Clinical Experiences. 


Per cent. 


I 20% or more ovcr\vei{:ht. i 30% or more ovenvei(j;lit 



i Males. 

j 1 

[ Feinulos. ' 

Males 

peii'ides. 

Joslin 

. . * 51.0 

59.3 , 

30 4 

40 0 

Jolin.2® .... 

70.0 

78. S 1 

56.1 

08 2 

Adamses .... 

. . OS. 8* 1 

1 

51.9* ' 


Palmer’of , 

. . 40 ' 

1 

52 ' 

24 

30 


* Both sexes combined, 
t Ineludes children. 

Weight of Jeioish Patients. In Jewish adult patients, the ten- 
dency to obesity is even more marked than among other patients. 
The proportion of diabetic Jewish men who were overweight at 
their maximum prior to diagnosis was 86. S%, compared with 
78.5 % for all adult males in this experience. Among Jewish women, 
no less than 94.3% were overweight at their maximum, compared 
with 83.3% for all female diabetics. More of the Jmvish patients 
were very stout, particularly the women. Of the diabetic Jewish 
men, 58.4% were at least 20% overweight as against 51% for 
total males, and of the Jewish women, 77%, compared with 59.3% 
for total females. The proportion of the actually obese (40% or 
more overweight) was about the same for the Jewisli men (16.2%) 
as for all males in this experience (16.5%). _ Among Jewish women, 
however, 33.5% were obese, compared with only 25.8% for all 



14 JO.SLTN-, Dunux, MAIJKS: STtJOIES IX DIABETES IIELLITES 

of the diabetic women. The majority of the remaining Jewish 
patients w’ere of average weight. Only 2 of the Jewish adult 
patients had always been thin, 1 male and 1 female, both of whom 
were under age 35 at onset. 

The excessive proportion of overv-eights among .Jews is found at 
every age. The excess is particularh' large, however, among 
patients with onset between ages 20 and 45. As in the ease of 
non-Jewish diabetics, however, the proportion of Jewish patients 
who had been pre\'iousIy overn-eight was lower for those witli onset 
at ages 20 to 35 than at later ages. 

Table 1.3. — V eight of Child Di.adetics Undeh .Age 20 at Onset of Disease. 
By Sex and Age. Experience of E. P. Joslin, 1S97-1932. 


Per cent. 


•Sex; ii^c at onpct. 

1 

j Ovcriveiclit. 

1 

I 

Avnmt'c 
t tvcjpht. 

! 

Underweight. 

i Total 
number 

1 Jlod- 
! crate. 

Sliglit. 

i 

i Slight. 

Mod- 

erate. 

j of CflfCfl. 

i 

1 

Males; 

i 



; i 



Total 

i 9 

9 

48 

1 20 1 

14 

100 

Under .0 . ^ . 

1 4 

IS 

G4 

1 

\ 14 ‘ 


22 

0-9 

! 11 


59 

15 

15 

27 

10-14 .... 

i 13 

11 

.37 

i IS ! 

21 

.38 

15-19 

i • • 1 

s 

.31 

4c : 

15 

1.3 

Ee-Males: 

! 

1 



i 



Total 

' 12 

10 

.32 

2S 1 

18 

70 

Under 5 ... . 

: . . i 

15 

54 

2.3 j 

8 

13 

5-0 

‘ i 

5 

42 

21 1 

21 

19 

10-14 

9 1 

12 

2.3 

'iEi> j 

21 

,34 

15-19 

40 ; 

10 

To 

20 

20 

10 


Basis of weight classification for ovcm'cight and iindenveight is de\'iatioii from 
average ivcight. 

Under 5 5 to 9 10 to 19 

Slight . . -1 to G pounds 5 to S pounds 5 to 149c 

Moderate . . 7 pounds or more 9 pounds or more 159;. or more 

Weight standards^ Under ago 5, AVoodburj-; ages 5 to- 19, Baldwin and AVood.=‘ 


JJ’c/ffIjf of Chihhen. Diabetics with onset during childhood and 
adolescence in contrast with older diabetics do not show a high 
frequency of overweight. Entirely different standards for measur- 
ing the degree of overweight arc necessary for children, because 
eacli pound departure from average weight may represent a devia- 
tion of as much as 4%. On the basis of the standards adojitod, 
which arc d(«Tj)icd in J'able 13. of the diabetic boys and .32% 
of the girls wore average at their inaximuin. Moreover, tliere wi-r<- 
twice as manv who were underweight as were overweight, i.otli 
among Imv.s ami girls. Excessive weight was relatively mfreijiieiit. 
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The details are shown separately for 5-year age periods in the table. 
They show spine variations from the general situation described, 
but these differences are not consistent and seem to be due to the 
small number of cases involved. Joslin, Root and White, Boyd 
and Nelson,®- Spencer®® and others report similar results in their 
series of diabetic children. 

The difference in the build picture of child and adult diabetics 
is significant. In the case of the child a vertical overgrowth is 
tjTDical, whereas in the adult it is lateral. It is likely, however, 
that these two tjQies of overgrowth correspond and both are belicA’-ed 
to be essentially of the same nature, namely, of endocrine origin. 
Before discussing this aspect of the situation, however, it is necessary 
to review other pertinent facts in the medical history of diabetics. 

Incidence of Thyroid Abnormalities. The most distinct clinical 
evidence of multiglandular etiology of. diabetes is the frequency of 
thyroid abnormalities, especially hjqierthjnoidism, among diabetics. 
These cases have lieen studied intensively by the senior author since 
1921,* At the outset the diffieulty of correct diagnosis of diabetes 
associated with hyperthyi’oidism must be stressed. Glycosuria and, 
to a less extent, hyiierglj'-cemia are frequent in hyperthyi-oidism, 
and it is often bard to tell whether the disturbed metabolism is 
really diabetic. For this reason it may be advisable to raise the 
standards of diagnosis of diabetes in hjqierthyroidism. In addition, 
therefore, to the figures based on normal standards, others are 
shown in the text, in parentheses, in which the level of the blood 
sugar was at least 0.15% fasting and 0.2% after food and with glyco- 
suria also present. On this basis, 1.1 (1) % of the males and 3.3 
(3) % of the females, first seen during 1921 to 1928, gave a history 
of hyperthyroidism or had it when examined. None of these 
patients was under age 20 when first seen. Among males the 
proportion of hy])erthyroid cases was low at every age, but among 
females there was a decided peak between the ages of 35 and 44, 
with 8.2 (7.2) % having a history of hyperthjToidism. Most of 
the hyperthyroid cases, both male and female, w^ere between the 
ages of 20 and 54, constituting 1-.9 (1.6) % of the total men and 
5.6 (5.1) % of the total women in this broad age group. These 
percentages are believed to be higher than normal, but just how 
much is difficult to say because no good standards exist by which 
to measure the normal frequency of hjqierthjn'oidism. It varies 
from place to place, the so-called “goiter belts” showing high rates. 
In the northeastern section of the country from which most of these 
cases are drawi, toxic goiter is not especiallj’’ prevalent. Figures 
in the' present experience are higher than those reported by most 
observers,®® •®^'®" but the data are scanty and do not warrant repro- 

* In cooperation with F. H. Lahey. This experience since 1921 includes nian.v 
diabetics among Lahoy’s surgical thyroid cases and overstates somewhat, therefore, 
the incidence of such cases among diabetics. 
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ducing here. John^* lias suiniiiavized some of tliese experiences. 
jVIost ol them are in agreement with the present one in regard to 
the higli proportion of diabetic women witii Il,^1)erthyroidism, as 
compared witli male diabetics. It is significant, moreover, tJiat 
where goiter generally is most prevalent, the jiroportion of diabetics 
with hyperthyroidism is high. 

iVIinor thyroid abnormalities (moderate or marked enlargements; 
fullness; jialpable thyroid and previous thjToid surgery, cause 
unknown) were much more frequent in this experience than hyper- 
thyroidism. Among males 2.9% and among females 6.8% showed 
such abnormalities. The proportions tended to be highest during 
- adolescence and early adult life and lower at the older ages. At 
every age they were higher among females than males. These 
findings characterize non-toxic thjToid disease generally. The 
percentage of tliese cases aniong diabetics appears to be relatively 
high, but accurate measurement of tlie excess is impossible to make 
because of dift'erences in classification and in geographical distri- 
bution of thjToid abnormalities of this tjqie. 

Piiuiiary Gland. There are striking clinical findings which 
suggest that the pituitary gland may influence the onset or course 
of diabetes. That diabetic adults arc overweight and diabetic 
children are overheight prior to the onset of diabetes points strongly 
to the operation of a pituitary factor. It is well recognized that 
glycosuria and diabetes are extremely common in acromegaly. 
Furthermore, we know that jiituitary extract and insulin are 
antagonists. When extracts of the anterior lobe of the h.iqiophysis 
are injected into a normal dog, temporary glycosuria, hj'pcrglycemia 
and liXTierlipemia develoji. The work of Houssay^’’ and his asso- 
ciates is of jiarticular significance. These workers showed that 
removal of the luTiophysis lessens greatly the sei'erity of the diabetes 
in totallj- depancrcatized animals. 

Suprarenal Gland.s. It has long been understood that the supra- 
renal glands exert an influence over carbohydrate metabolism. 
Such knowledge, however, has been concerned largely^ with the 
effect of adrenalin, the secretion of the medullary portion of the 
gland. This substance causes glycogenolysis in the liver, and in 
this way acts as an insulin antagonist. Attempts to ameliorate 
severe diabetes by adrenalectomy or section of the splanchnic 
nerves have had this relationship as a basis. 

hlore recently a new field has been opened up by the work of 
Long and Lukens,-’" who have shown that when bilateral total 
adrenalectomy is carried out in totally dcijancrcatized cats, the 
diabetes becomes much milder, rc.scmbling that of the hypophy- 
sectomized animals in the lloussay experiment. 1 he total adrenal- 
ectomy sto])s the breakdown of ])r(»tcin aiifl abnormal j)roductKin 
of ketone bodies which arc characteristic of diabetes. 

The hwldcncc of Gall Bladder DBaur. (ball bladder disease as 
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ii precursor to dialictes has hoeii rc])orte(i often in the incilieai 
literature. Tlie cliief causes suggested are disturlied ii])oid inetah- 
olisin, especially in relation to gall stones, and infection of the gall 
bladder, subsequently involving the pancreas. In this experience 
a previous history of gall bladder disease is connnon among adult 
diabetics, particularly women. In the period 1897 to 1928, 2.6% 
of the men gave such a history. Of these, 1.5% had had gall stones 
and 1.1% inflammation of the gall bladder or other symptoms of 
gall bladder disease. Women with sucli liistories numbered 7.6% 
of the total, of whom 4.7 % gave a definite history of gall stones and 
2.8% had had cholecystitis or other evidence of gall bladder disease. 
Such histories subsequent to examination were likewise fairly 
frequent. 

The true incidence of gall bladder disease is probably understated 
by the figures relating to the whole period, for analysis of the data 
shows that the incidence is higher among patients seen in recent 
years, probably due to more careful attention to this factor in taking 
case histories. Thus, in the four years ending in 1928 the propor- 
tion with biliary tract disease was 3.6% for men and 9.9% for 
women, proportions so high as to suggest a close relationship 
between the two conditions. We must admit, however, that gall 
bladder disease has not been prominent as a cause of death. In 
, the period 1922 to 1935, of 2415 deaths of diabetics, only 1 1 were 
ascribed to gall bladder disease by the attending physician. 

Age has a decided bearing on the frequency of gall bladder dis- 
ease. Among men the proportion is decidedly below the average 
up to age 45, but then jumps and increases slightly thereafter with 
advancing age. The proportion is highest in those with onset 
of diabetes at ages 65 and over, when it reaches 4.6%. Among 
women, a sharp increase in the proportion of gall bladder cases 
takes place at age 35, or 10 years earlier than in the case of men. 
The proportion giving a history of gall bladder disease remains 
fairly constant thereafter in the case of women. The maximum 
proportion among them, however, in the whole experience is found, 
between the ages 60 and 65, where 9.7% gave a history of gall 
bladder disease, but in the period 1925 to 1928 the peak occurred 
between ages 45 and 50, with 13.3% reporting gall stones or sjnnp- 
toms of biliarv disease. 

Practically^ all of the diabetics with a history of gaU bladder 
disease were overweight prior to their diabetes. Of the i\ males, 
only 7 were within normal limits at their maximum weight pi ioi to 
diagnosis, and only 4 underweight, but none as much as 20%. 
Likewise, among the 219 women with gall bladder disease, onl\ 
13 had been average weight at their maximum before diagnosis 
and only 3 had always been underweight; none of them, howeiei, 
as much as 20 %. The proportion of gall bladder cases among ml 
overweight men, in this experience, was 3.1%, compared with 2.3 /c 
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lor botli iionnals and underweights. Among women, however, the 
diflerential was even larger, with S.5% of tlie oi'crwcights reporting 
gall bladder disease, compared to 5.3% for normals and 2% for 
underweights. The proportion of gall bladder cases among over- 
weights did not show any significant trend in relation to the degree 
of overweight. The obese reported only a slightly greater propor- 
tion of gall bladder cases than tlie moderate overweights. 

Jewish patients did not difler markedly from other patients in 
the proportion reporting a history of biliary tract disease. There 
was a slight excess in the case of females. The proportion for 
Jewish women was S%, compared with 7.0% for all women during 
the entire period, 1897 to 1928. In recent years, 1925 to 1928, the 
proportions^ Avere 10.6% and 9.9%, respectively. The weight 
characteristics of Jewish diabetics Avith gall bladder histories differs 
not at all from those obserA’ed among all patients with this history. 

Despite the high frequency of gall bladder disease among these 
diabetics, it is questionable whether the figures are really significant. 
The disease is a fairly common ailment in adult life. In one clinic’* 
such conditions Avere reported in 6% of the patients OA'cr age 20. 
The incidence in serial autopsy studies is about 10 times as high.”’''® 
Stones are. present in one-fifth to one-half of these cases, the higher 
proportions being present at the older ages. Most of these cases, of 
course, give no symptoms during life. Moreover, gall bladder le.sions 
are notoriously common among the obese and, since most diabetics are 
overAA'eight before the onset of their disease, a high frequency of 
gall bladder disease Avould be expected. Dublin, Jimenis and 
Marks, •“ in a study of insureel persons Avith a history of gall bladder 
disease, all free of diabetes AA'hen they were examined for insurance, 
found a large proportion, especially of the women, to be oA-erweight. 
In addition, analysis of the subsequent mortality of the group 
shoAved a Ioav incidence of diabetes up to the closing date of their 
study. Beascr,'” in a study of Vanderbilt Clinic records, found 
that gall bladder disease proA'cd by o])cration or autopsy Avas equally 
frequent in dialietic Avomen and a control grouj), and the proportion 
of cases with gall bladder disease diagnosed from the symptoms Avas 
CA-en greater in the control group. Ilis analysis AA'as limited to ages 
40 to 05 and. in the case of the iliabctics the gall bladder histories 
AVere limited to those preceding the diabetes. 

Jr/c’rio.‘fc/eroxi.‘f. Arteriosclerosis, rc.sulting in inadequate blood 
supply to the pancreas, lias been suggested a.s one of the causative 
factors in diabetes, jiarticularly in the aged. J'he ]»ronencss of the 
diabetic, e.specially AA-hcn inadequately treated, to develop arterio- 
sclerosis prematurely is avcII known and conseciucntly the incidence 
of arteriosclerosis among diabetics without regard^ to tlie^ duration 
of the disease is likely to lead to erroneous conclu.sinn.=;. t’onsidera- 
tion may be given, hoAVcver, to the incidence of arterial cliarmc as 
an etiological factor in t hose ca.'^c.s which,. so far as can beilctcrmmeti. 
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were of relatively recent origin, that is, diagnosed within 1 year of 
onset. Analysis has been made of the incidence and degree of 
sclerosis of the perijiheral arteries disclosed by palpation of the 
radial artery at examination in all such cases in this experience, 
but the data are most reliable and consistent for cases first seen 
beginning July 1, 1927, since which date a classification of arterial 
change based upon Pratt and Bushnell’s-*^ description has been used. 
This method distinguishes the degree of abnormality of the radial 
arteries as follows: 0, none; 1, palpable; 2, roll under finger; 3, 
tortuous; and 4, beaded or pipestem. The last two groups, the 
severer grades, seem to be comparable with classifications used 
earlier than July 1, 1927, and these earlier results are used. 

Table 14. — Incidence and Degree of Sclerosis of Radial Artery at Exam- 
ination Among Diabetics Seen Within 1 Year of Onset. Per Cent of 
Classifiable Cases. By Sex and Age Gnours at Exj^mination. Experience 
OF -E. P. JosLiN, 1922 TO 1928.* 


I 

July 1, 1927 to 1928. , August 7, 1922 to 1928. 


{Mjx; opgrcf oi 

artcrinscierosis, 

• 

rt 

c'l 

-3 

20 to 09. 

1 

40 to 40. 

1 

1 

I 50 to 50. 

00 to 09. 

70 and over. 

All ages. 

! Undergo. 

i 

20 to 39. 

40 to 49, 

1 

j 50 to 59. 

CV 

0 

1 

Males: 







, I 





Total . . . 

100.0 

100.0 

100.0 

100.0, 100 0 

100 0 

100 0 • 





0 . . . , 

20.2 

94.4 

37.1 

20 0 

7.3 

... 1 

1 





i ... . 

24.4 

5.6 

42.9 

37.1 

23.0 

22.51 

iolol j 





2 

29.5 


14.3 

37.2 

.50 9 

40 0! 

15.0, 





^ 

14.9 


5.7 

5.7 

10.4 

30.0 j 

40.0U1 91 ... 

1 3 

8 4 

15 1 

20 4 

i ... . 

5.0 




1 8 

7.5 1 

35. o; 4.0' ... 


0 9 

2 0 

9 4 

Females; 






i 

1 

i 1 





Total . . . 

100.0 

ion 0 

100.0 

100 0 

100.0 

100.0! ion. 0! 





0 . . . . 

44.9 

94 9 

75.7 

51.2 

21.3 

11 9. 

7.1 i 





1 ... . 

28.0 

’5.1 

21.0 

37.2 

41.0 

31 .o; 

14.31 





2 ... . 

22.0 


2.7 

11.0 

32.8 

42.81 

57.2 j 





3 . . . . 

4.7 

. 



4.9 

14.31 

14.3 0.91 ... 


1.0 

8 0 

18 3 

^ 4 . . . . 

0.4 





... 

7.1 0.4' ... 



0 5 

0 S 

XuMUEn OF Cases 







1 





Classifiable; 






' 






Males . 

221 

30 

35 

35 

55 

40 

20 074 ' 118 

150 

107 

152 

100 

Females 

230 

39 

37 

43 

01 

42 ! 

14 ,711 ; 120 

111 

122 

187 i 

131 


* Classification liased on Pratt's description since July 1, 1927. Data prior to that date comparable only 
for Grades 3 and 4. 

The analysis in Table 14 of cases with diabetes of less than 1 year’s 
duration who were first seen after July 1, 1927, shows that among 
221 males, 26.2% were free of arterial change; 24.4% had Grade 1 
abnormalities; 29.5%, Grade 2; 14.9%, Grade 3; and 5%, Grade 4. 
Among 236 females, arteriosclerosis was less frequent, particularly 
the severer grades. Actually 44.9% of these women had normal 
arteries; 28.0% had Grade 1 abnormalities; 22.0%, Grade 2; 4.7%, 
Grade 3; and only 0.4%, Grade 4. 

In both sexes, practically all the patients under age 20 with 
diabetes of less than 1 year’s duration were free from any signs of 
arteriosclerosis, only 4 out of 75 cases showing Grade 1 abnormalities 
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and none, of any greater degree. This picture changes very rapidly 
with age, however, particularly among males. Ei'ery male dia- 
betic past 60 showed abnormalities of at least Grade' 1, and the 
proportions with changes of Grades 3 or 4 reached 18.2% among 
those patients between 50 and 59, 37.5% at ages 60 to 69 and 75% 
at ages /O and over. Among females, the percentages were much 
lower. Indeed, 21.4% of the diabetic women 70 or over at e.xam- 
ination had no or slight abnormalities of the radial arteries and a 
like proportion, severe abnormalities (Grades 3 and 4). The figures 
on sei'erer types are confirmed by the more extensive series of 
observations based on all first-year cases seen from the beginning 
of insulin treatment in 1922 down to the end of 1928. 

The figures for these diabetics display the usual age relationships 
in arterial changes, but they are far above normal, particularly in 
the case of males. Comparison with supposedly tj^ical samples in 
the population is not altogether accurate, however, because of 
differences in standards used, and this limitation should be kept 
in mind in the comparisons that follow. Sydenstricker and Britten''^ 
found that the percentage of males with normal arteries was 88.6 % 
at 20 to 24; 83.6 at 30 to 34; 72.3 at 40 to 44; 56.1 at 50 to 54; and 
43 at 60 to 64. By far the largest jjroportion of those with arterial 
thickening showed very slight abnormalities and even between 
GO and 64 only 18.6% showed moderate or marked thickening. In 
their series,-* jwactically no sex differences were found in the per- 
centage showing arterial thickening, whereas among these diabetics, 
the male rates were distinctly higher than those for women. Because 
diabetics arc generally overweight before onset of their diabetes, 
it is fairer to compare the frequency of arterial change among them 
with that of a ti-jiical series of oAWweight persons, but unfortunately 
such data on overweights arc unsatisfactory because the usual 
method of palpating the radial artery leads to understatement of 
the arterial changes in fat persons. As a result, in the serie.s*'^^ 
rejjorted by Britten, as well as in another scries reported by Dublin. 
Fisk tind Ivopf,-*" arterial thickening was found more frequently 
among the underweights than overweights. This is central^' to 
the actual situation as revealed by the statistics on build in relation 
to juortality from causes which are of arteriosclerotic origin. 

Obviously, however, data on changes in the peripheral artcrie.s 
are at be.st'only a rough index to arteriosclerosis elsewhere in the 
body and, more particularly, in the p.ancreas. 'Ihc coneej)! of a 
truly generalized arteriosclerosis is largely discounted today. More- 
over. although sclerosis of the arteries of the ])ancreas is involvtsl 
in a considerable })erecutagc of the eases, it is not neee.>saril.' diffuse 
or .sev<T<‘ em)Ugh to interfere .seriously with the function of the 
organ. Reliable data can only lie .secured from aiitoj.sv st\idies. 
\mong 259 diabetic deaths in the present series in which the pan- 
creas was available for study at autop.sy, Wjirren*' reporte<l mark«l 
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arteriosclerosis of tlie pancreas jircseut in only 5%. Tiiis ligure 
includes cases of all durations of dialietes and it is likely that the 
condition is even rarer in newly developed cases. Warren’s figure 
is much lower, however, than that of Wartman/^ who, for a general 
experience, reported marked arteriosclerosis of the pancreas in 
22.3% of the cases at all ages and at ages past 60, in 45.7% of the 
men and 31.8% of the Avonicn. Root and Sharkey^'’ compared 
175 diabetic and 175 non-diabetic autopsies and found that patients 
with diabetes of less than 1 year’s duration showed no more arterio- 
sclerosis than non-diabetic cases of similar age. On the other hand, 
diabetics of longer duration showed far more extensii’^e arterioscler- 
osis than non-diabetics. 

The wide differences in the figures quoted make it difficult to 
draw any positive conclusions on arteriosclerosis as an etiological 
factor in diabetes, despite the high incidence of peripheral arterio- 
sclerosis in diabetes, particularly among males. The picture is 
rather confused. One can saj^ definitely, however, that arterio- 
sclerosis is not a factor in the causation of diabetes in childhood, 
and A’’ery improbably a factor in adults up to age 40. After that 
age, the question is still open and further investigation is necessary 
to clarify it. 

Cancer of iJic Pancreas. Cancer of the pancreas is undoubtedly 
a cause of diabetes in a small proportion of cases. Among patients 
first seen between 1897 and 1928, there have been 28 who had pri- 
mary cancer of the pancreas, and 1 patient witli a secondary ^-ancer 
of the pancreas. They constituted 13.4% of all patients with, 
cancer, as compared with 2%* in the general population. Ihe full 
importance of cancer of the pancreas is unlmown, because it is not 
usually diagnosed at the time of examination for diabetes. _ 

Summary. 1. A representative group, of 6357 piWate dailjeUc 
patients (treated by Joslin in the office or hospital or by consultation 
over a period of 30 years) and of 463 diabetic children seen more 
recently, is described together with an analysis of various etiological 
features of the disease, which lend themselves to statistical inter- 
pretation. 

2. The residence of 85% of the patients was in New Englanii, 
67% in Massachusetts, 41% in the Boston Metropolitan District 

and 14% in Boston itself. , i • . i r 

3. American nativitj'’ characterized approximately two-tnneis o 
the adult patients; one-sixth of the patients were Jews, although 
but one-twelfth of the population in the area from which they came 
was of that race. 

4. Occupations were dNerse, but there was a rather laige piopoi- 
tion of proprietors, officials, managers and members of professions. 
Physicians alone amounted to 6.9% of 2304 patients whose occupa- 
tions were definitely recorded. 

, * Based on deaths onb". 
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5. ]\Iost of the patients were first examined because of symptoms 
of diabetes, but a large number were diagnosed as a result of routine 
examinations. Insurance was the chief of tliese and accounted for 
the recognition of 12.0% of the males. The number of cases 
diagnosed after application for' insurance has steadily increased. 

_ 6. Males exceeded females until 1922, but since that date the 
situation has been reversed and the disparity is definitely increasing. 

7. The number of cases increased steadily from infancy to a 
maximum at ages 50 to 54, except for a slight dip in the late teens, 
and dropped rather sharply from the peak in old age. There has 
been a definite increase in recent years in the proportion of patients 
at the older ages: past GO among males and jiast 50 among females. 
Comparative data are given for other diabetic series. Analysis 
with regard to the true incidence of age at onset of diabetes shows 
that onset is most frequent in the sixth decade, and next highest 
in the seventh decade. 

S. Jewish patients develop diabetes relatively young. The median 
age at onset of the Jewish patients was more than 2 years 
younger than that of all patients. Jewish female patients exceeded 
the males up to the end of 1928 by 46.3% and in the late forties 
and fifties, by nearly 2 to 1. 

9. The present series of eases partially confirms the New York 
City data of Mosenthal and Bolduan, which show that the incidence 
of diabetes in married women is higher than in single women. No 
diflcrencc, however, was found between single and married men. 
The frequency of onset among women in the late forties or fifties 
reflects the strain on the endocrine system during menopause when 
gain in weight is also usual. 

10. The height of diabetic children at onset tends definitely to 
be above average, but there is a normal distribution of height of 
diabetic adults. 

11. Tlie weights of adults in this grouj) at onset of the disease 
were definitely above standard. Among males age 20 or over at 
onset, 7S.5%\vere at least 5% overweight at the time of their 
maximum weight, and among women, no less than 83. .3%. In 
children and adolescents, on the other hand, twice as many were 
underweight as overweight. 

12. In Jewish adult patients, the tendency toward obesity was 
even more marked than among other ])atients. Of the .Tewish men, 
8G.S%o were overweight and 91.3% of the Jewi.sh women. 

13. IlypertliAToidism was present in 1% of the male.s and 3%; 
of the females finst seen during 1921 to 1928. 

1-1. Tlic influence of the jiituitary and adrenal ^lanfis ujinu 


diabetes is discussed. _ i. o/-,.. r 

15. A history of biliary tract ilisca.'^e was rejxjrted by ,>.(> , o T 
the men ami i).'9% of the women finst seen in 1925 to 1028. I’raeti- 
c.'illv all of the diabetics with gall bladder disease were overwcigiit. 
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16. Arteriosclerosis was practically absent in diabetics under 
age 20 whose diabetes was of less than 1 year’s duration. It 
increased with advancing age until at ages 60 and over every male 
diabetic exhibited it in some degree. 

17. Cancer of the pancreas is a cause of diabetes in a small 
percentage of cases. 
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treatment of diabetic coma. 

By Jerome W. Conn, M.D., 

INSTRUCTOR IN INTEUNAU MEDICINE, UNIVERSITY OP MICHIGAN MEDICAL SCHOOL, 

ANN ARBOR, MICH. 

t 

(From the Department of Internal Medicine, University of Michigan IMedical School, 

Ann Arbor, Mich.) 

A CONSIDERABLE mortality still e.xists in jiatients with diabetic 
coma despite the introduction of insulin. In a recent series of 
cases of diabetic coma treated in Joslin’s Clinic, Marble, Root and 
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Wliife' report a mortality of 11%. Eight deaths similar to those 
reported by the above authors have occurred in this hospital since 
1928.* We believe that death in these cases was due to tlie loss 
of a large part of the alkali reserve of the body (mainl.i- sodium) 
and that its replacement vould have reduced the mortality con- 
siderably. 

All investigators now agree upon the general principles involved 
in the treatment of diabetic coma, since insuhn has become the 
major tool in the treatment. Of primary importance is the relief 
of tile organic acidosis, or ketonemia, brought about by incomplete 
oxidation of fats; which, in turn, is the result of insufficient oxidation 
of carbohydrate. We are' concerned, then, at the moment, with 
the presence of the ketonemia and not the hyperglycemia. Hyjier- 
glycemia, per sc, is never the immediate cause of death nor the cause 
of serious symptoms. The only known detrimental effect of hyper- 
glycemia is a temporary reduction in the inherent ability of the 
organism to utilize glucose. The only immediate reason for oxidizing 
glucose is to promote complete oxidation of fat. This is accomp- 
lished by the use of sufficient amounts of insulin. Thus, the keto- 
neinia can be abolished. ♦ 

T'he other important disturbance, dehydration, which has resulted 
from lack of fluid intake, vomiting and acidosis, is combated by the 
administration of large amounts of fluid, usually in the form of 
jihysiologic saline parcnterally. These measures (administration of 
sufficient insulin and fluid) arc usually successful in the treatment 
of diabetic coma. 

But the occurrence of another state, which if not recognized and 
treated ivill cpiickly end fatally, demands attention. This condition 
should always be suspected when the signs of acidosis and coma 
persist after ketonuria has been abolished. Tliese are the cases 
which are commonly called “insulin resistant” or arc said to have 
been in coma too long to permit the possibility of recovery. 

Broadly, what may cause acidosis? Normally, the pH of the 
I)lood ])Iasma is 7.4t At this pH there are 20 parts of base bicar- 
bonate (BHCOa) to each part of carbonic acid (IbCOs) in the idood 
]ilasma.* Base (B) represents a total of the basic olement.s in the 
blood (Na, K, Ca, Alg) of which sodium makes up over foiir-fiftlis. 

Thus, we have the equation ~ "l ~ ^ ^ 


* It is not the of this pajior to present a statistic.il roiKirl of oiwes "vn e 

in tlio ninniUT ontlim-fl. It is desired to cxpre.es n jioint of view and to indie.n c le 
scientific data availidile in its support. , , , 

t Siniiily stilted, jdl ii :i negative logarithmic desittnation of the lit dr ip - ' 
concentration of the ilniil or solution considered. Thus the locarithinu. dc.-ipn.i ion 
of 7 is an iihluvviation for m * or 0.0(K)fM)l)l. In the ca.»e oi h.vdrORen-ion coiiP-ntr.i- 
timi this niemis 1 pm. of hydropen ions in 10 million pm. of luiter. atcr is 
sliphtly ionixed. .Sines' the nutiilH'r of hydropen ions neyssanb crpi-i .« i' , 

of h.vdroxal ion.-, water is neutral. The coneentralion of either h>drr>p n or i.M ro , 

ions ill pure wnler is Ifl-r. This repre.senis a jd! of 7 or a pfOfl' of i. 
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It is obvious that anything which causes a. decrease in BHCOx or 
an inciease in Hob 0 ^ will cause a shilt ot the pK of the blood toward 
the acid side, ihis is expressed in the Henderson-Hasselbalch 

equation pH = G.l + log 

1. Increase in IloCOi. This condition is tound in patients where 
there is interference in the gaseous exchange in the lungs, as, for 
example, in bronchial asthma or emphysema of the lungs. The 
symptom complained of is dyspnea on exertion because a sudden 
increase of carbon dioxid to be disposed of rapidly cannot be ade- 
quately driven out of the lungs. Thus there is an increase of H2CO3 
of the blood. This, of course, represents a mild degree of acidosis. 

2. Decrease in NallCOz. This may occur in one of two waj's: 
(1) A direct loss of XaliCOs troni the body, such as occurs in diar- 
rhea, will lower the total alkali of body; (2) a replacement of the 
bicarbonate ion (IICO3) by an increase of other acid radicals— such 
as chlorid, phosphate, sulphate, lactate or the incompletely oxidized 
fatty acids diacetic or beta hydroxybutyric— will lower the total 
amount of NallC'Oa. 

What are the normal defense mechanisms of the body for the 
prevention of acidosis? There are three main defenses: the blood 
buffer system, the pulmonary system, and the renal system. 

1 . Buffer System. The sodium bicarbonate (NaHCOj) and 
sodium phosphate (Na2HP04) buffer system, in the presence 01 a 
strong acid, act by the formation of a weak acid and a neutral salt. 
This allows the pH of the blood to shift only very slightb tow arri 
the acid side. 

(a) Nal-ICOa + HCl -> NaCl -f H2CO3. 

{h) NasHPO^ -f HCl NaCl + NaHoP04. 

Protein, being an amphoteric substance, may act as an aci(l or 
a base, depending upon its environment. As the pH of the bioo l 
shifts toward the acid side, less and less of the protein acts as an 
acid, thus liberating base to combat the acidity. 

2. Pulmonary System. When a strong acid enters the body it 
causes the decomposition of NaHCOj to make its own sodium salt 
and liberates carbon dioxid. The lungs then increase their ventila- 
tion to expel the newly formed carbon dioxid and in addition rid 
the body of some of the preexisting carbon dioxid. This prevents 
the pH of the blood from dropping as low as it would if the preexist- 
ing carbon dioxid had remained constant. This mechanism adjusts 
for finer changes in pH but becomes inadequate for large changes. 

3 . Renal System. In severe acidosis the buffer and pulmonary 
systems are o^'ertaxed and become inadequate and renal activity 
comes into play. There are two important functions of a normal 
kidney in the face of severe acidosis, as is well shown by^ tlie work 
of Gamble, Ross and Tisdall:® (1) A normal kidney is able to 
secrete urine at a pPI of 5. In the stage of activity 5 % of the diacetic 
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acid and 20 % of the beta-hydroxj-butyric acid pass unneutralized 
by base, thus conser\dng base. (2) The kidney begins to manufac- 
ture ammonia so that the acid radicals may be excreted as ammo- 
nium salts; thus also conserving base. In this M-ay a normalkidney 
practises base economy. 

Let us return now to the question being considered. Having 
administered fluid to combat dehydration and having given suffi- 
cient insulin to completely abolish ketonuria, what is the mechanism 
for the persistence of all of the signs of acidosis and coma with a 
continued low COo combing power?* Richardson-* reports a case 
with exactlj' these conditions. He suggests tliree possibilities in 
e.xplanation: 

1. That loss of base from the body accompanying a severe dehy- 
dration results in an alkali deficit. 

2. That most of the ketone bodies are excreted in these cases in 
the form of beta-hydroxybutyric acid. (Our clinical tests show only 
the presence of acetone and diacetic acid in the urine.) 

3. That perhaps the kidney shuts down entirely on the excretion 
of ketones but tliat they remain in high concentration in the blood. 

Hartmann, ‘ however, has done blood analyses to determine ketone 
body content in such states and finds a negligible quantity. In 
some cases he has administered sufficient insulin to bring the blood 
sugar to hypoglycemic levels. He then finds very little organic 
acid in the blood but the CO 2 combining power remains low. He 
states, “ It seems apparent, therefore, that much’of the base released 
by organic acid on oxidation is claimed by acid other than carbonic 
or is e.xcrctcd from the body.” Accordingly, continuation of acidosis 
and coma is not due to a persistence of ketonemia (organic acidosis). 

The difficulty lies in the fact that the last defense of the body, 
the renal s.i’Stem, has been overwhelmed by the severe acidosis and 
there has been a continued drainage of base from the body. The 
alkali reserve of the body has been depleted and a condition of 
“inorganic acidosis” exists. First, the normal kidney does not 
begin the manufacture of ammonia in increased quantities until 
the supply of readily excretable base is diminished; that is, until 
there is a physiologic need of the body to conserve base. Thcrctore, 
from the very onset of acidosis, the body has lost some of its readily 
available base in trying to e.xcrcte the organic acids which were 
rapidly accumulating. Foiling’ has shouTi that in c.\'periinental 
acidosis ammonia e.xcretion is very little accelerated the first day, 
even though the jiH of the blood may fall to 7.1. But later, as the 
available liase falls, ammonia production increases. When ammo- 
nia jiroduction finally roaches its maximum (about 10 gm. of 
ammonia in 2-1 hour.s) it is not .suflicient in amount to prevent further 

* The CO; romnitiiiiK i>/)wcr n-prewnf*; tfi"' “;ilk!ili rc?('rvf" of <Ih- blood iind 
ndi'-Pt,- dirrctly the ‘‘tilkali ro^-rvo” of tho IvmIv. 
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loss of base because of the very large amounts of organic acids 
which are being prcscnted.to the kidney for excretion. 

Finally, the kidney temporarily loses its function to make ammo- 
nia or to produce a very acid urine. It is common to note the pres- 
ence of albumin, casts and red blood cells in the urine of patients 
in diabetic coma with dehydration. Along with the urinary signs 
of renal damage there is often a rising blood non-protein nitrogen 
(N.P.N.), oliguria and sometimes anuria. All of these signs dis- 
appear when the acidosis and dehydration are corrected. The 
injury to the kidney has been attributed by various authors to 
the accompanj’ing severe dehydration and to the toxic effects of 
the severe acidosis. Coburn^ recognizes and stresses the importance 
of temporary renal insufficiency in diabetic coma. The reduction 
in ammonia production, then, allows more sodium to be excreted 
in combination with eliminated acid radicals. Linder® fed hydro- 
chloric acid to a group of people with normal kidney function and 
to a group of nephritics. and measured the ammonia and sodium 
excretions in botli groups. Invariably the nephritic group excreted 
much more sodium and less ammonia than did the normal group. 

As a final insult oliguria or anuria develops as a result of the 
dehydration. ' The kidney is then not able to excrete all of the waste 
products as is exidenced by the retained N.P.N. in the blood. 
The other normally excreted inorganic acid radicals, phosphates 
and sulphates (products of protein metabolism) are also retained. 
In the blood stream these combine to form their sodium salts at 
the expense of sodium bicarbonate. If the alkali reserve is then 
measured by determining the CO2 combining power of the blood, it 
is found to be extremely low. 

If, besides the mechanisms considered above, the diabetic patient 
has had some preexisting renal damage, it is ajiparent that a much 
more severe inorganic acidosis might develop. If the alkali reserve 
is measured in a patient wnth chronic nephritis and mild renal 
retention, it is found to be relatively low. In uremia the adminis- 
tration of sodium bicarbonate will often bring the patient tem- 
porarily out of the unconscious state and relieve the air hunger. 

Therefore, in severe and prolonged diabetic coma with marked 
dehydration, one is dealing with a total decrease of the sodium of 
the body and a total increase in the fixed inorganic acids, .sulphates 
and phosphates. Much of the base which was able to be retained 
in the body is tied up in the form of these inorganic salts at tlie 
expense of sodium bicarbonate. Having administered insulin, some 
sodium is liberated by the disappearance of the ketone acids. But, 
while a small amount may form sodium bicarbonate, most of the 
sodium is immediatelj^ taken up in combination with the rapidly 
accumulating sulphates and phosphates. 

If, after large quantities of fluid have been gix'en to combat 
dehydration and the body has been rid of ketone acids by the 
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arliniiiistnitioji of sufficient insulin, sisjns of acidosis (k'ussniaul 
respirations, etc.) and coma continue, tlie patient is in imminent 
danger of death. 'I’lie CO; coniin’ning power is found to be low 
and the state of “inorganic acidosis” exists. The pH of the blood 
must be quickly brought back to normal and the alkali deficit 
relieved. Li this state sodium bicarbonate* should be adminis- 
tered without delay. The response is frequently dramatic. Kuss- 
inaul respirations change quickly to a normal type and coma rapidly 
disappears. 

Lemaiin'’ observes that recovery from coma usually runs parallel 
to the rise of the CO; combining power and the disappearance of 
ketonuria. Haines and Davis’® warmly endorse the use of sodium 
bicarbonate as an adjunct to insulin and use 1000 to 1500 cc. of a 
5% solution by duodenal tube. They liave never seen harmful 
results. Campbell,"' and Hartmann'’ for many years have advo- 
cated the use of -alkali therapy as an addition to the well established 
treatment of diabetic coma. 

Ill the recent paper from Jo.slin’s Clinic, referred to above, Marble, 
Root and MHiite' report 55 treated cases of diabetic coma. Six of 
these patients died in diabetic coma despite the usual treatment. 
Alkalis are not used in that clinic. Four of the cases died within 
4 to 13 hours after admission with low CO; combining powers, 
marked dehydration and shock, oliguria or anuria. The diacetic 
acid ,in the urine varied from none to a trii’ial amount. This we 
believe to be the small group of cases where there is a definite 
indication for the use of alkalis. 

The following case illustrates some of the prolileins discussed: 


Case 1. — A 55-year-old woman had been known to be diabetic for. 
3 3'ears before adnii.=!sion. Her diabetes laid been uncontrolled OA’cr tbi.'^ 
period. She had lost SO pound.s in Aveight (210 to 130 pounds). One AVeek 
before admission both she and her husband had become ill after eatina 
OA'sters. 'The husband liad abdominal cramp.s and diarrhea Avhich lasted 
for 2 daj's. The patient had nausea, A’Oiniting, abdominal cramp.? and 
diarrhea. These sjanptoms gradualJ.A' became more marked. For *1 days 
before adnii.s.sion she retained no food or fluid. Tweh'C hours after admis- 
sions she became semicomatose. She had receh'cd 10 units of insulin 
3 hours before admis.sion to the hospital. 

On examination .she was found to be deeply comnto.?c. She Avas severely 
deliA-drated. Fc.spirations Avere tA-pically Kiissinaul. No tendon reflexes 
could be elicited. The Babinsld sign Avas absent. The urine shoAved 
sugar, reaction for diacetic acid, -p-f albumin, _a few 

red blood cells, and occasional granular casts. The blood .sugar Avas 378 mg. 
%, CO; combining poAver 21 volumc.s 9r; ^md N.P.N. 100 mg. rhj>t- 
ologic .saline Avas admini.stered on admission. She rcceiA'ed a daih' average 
of 3.500 cc. intravenously for the first 4 days. Tlicrcafter intnivenous fluid.s 


* bic.arlKin.afe, l.'i pm. in gO cc. of wntcr. can lx? oljf.u’rtcf] in stcj-jlc ampules 

n-adv for intr.avcnon.s n.sc. .A folnl ion of .•s.di.irn bic.arlx.natc isotonic svith the 
contains i.'i pm. r>er lit.-r. The usual tlosc rccomincnd.'d tn l.nnp the CO: wnibm.iu; 
power to normal is 0..A pm. of XallCO: js-r Wlopratn of My weight. If the p-Vient 
can swallow or a .ston.ach Uils- h pas-vd. sodium bic.wlionalc r, ju-l as efrerfue (h,- 
way intravenously. 
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were not necessary since she was taking fluids well by mouth.^ Sullicient 
insulin was given daily to insure complete combustion of fats," since tests 
for diacetic acid and acetone in the urine were negative after the second 
day in the hospital. The patient, however, remained in coma and continued 
to -have Kussmaul respirations after ketonuria had been abolished. On 
the 3d day she became markedly cyanotic and air hunger became very 
severe. A CO 2 combining power at this point was found to be 19 volumes %. 
Three grams of NaHCOs in a 7.5% solution were then given intravenously 
with most dramatic results. Cyanosis disappeared in 15 minutes. Respira- 
tions returned to a normal type. The patient became much brighter and 
was able to talk but was still stuporous. Through the day 4.5 gm. more 
of NaHCOs were given intravenously. As noted on the chart, the CO 2 
combining power rose on that day to 45 volumes %. 
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The following dav she ivas found in the same state of collapse and the 
CO 2 combining pov. er was 22 volumes %. The same dramatic response 
followed intravenous administration of 3 gm. of NaHCOj. Since the 
patient could now take fluids by mouth, she was given 1000 cc. of a 5% 
solution NaHCOs (50 gm.) orally over the next 12-hour period. The 
CO 2 combining power rose to 82 volumes % and gradually came down to 
the normal level of 55 volumes % by the 12th day. She was able to con- 
verse and was improved in all respects. As noted on the chart, the N.P.N. 
and blood sugar responded satisfactorily. From the 5th day on, the patient 
was given a diet of milk and cream containing 2000 calories and 100 gm. 
of available glucose. 

This case serves to illustrate the rapid clinical and chemical 
improvement that may be brought about in a moribund patient when 
alkali therapy is added to the usual treatment of diabetic coma. 

■S^diile it is not implied that alkali is necessary in every case of 
diabetic coma, its routine administration will replace a certain 
amount of the base which has necessarily been rendered unavailable. 
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However, in a small group of cases in wliich the acidosis is sc\-crc 
and the coma has been prolonged, the administration of sodium 
bicarbonate may be and sometimes certainly is a life-saving measure. 
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THE VISCOSITY, PROTEINS AND LIPIDS OF THE 
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tory of Biochemistry and Dej)artnient of .Medicine, Jefferson Hospital, Philadetphin.) 

M.\ny studies liave been reported of the viscosity of the lilood 
iu hyiicrterisive states, the great mtijority of the ob.scrvatious 
having been made ujion whole blood, 'i’iicsc invcstigafi'ou.s have 
demonstrated no cou.sisteut rclatioushi}) between blood A-isco.sjty 
and the presence or degree of h}^)crtvns!On. Since the vi.scosity 
of wliole blood is in{Uienced by tJiat of the jihtsma as well as by the 
number and volume of red Idood cells.* tlic conflicting reports may 
be due. on theoretical grounds at least, to ihe_ almost umver.snl 
failure to take into consideration ])o?siblc variations in ydasma 
viscosity. Indeed, recent stiulics'- suggest that this factor alone 
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may be of importance in influencing the level of arterial blood 
pressure. Certainly, variations in blood viscosity, in the presence 
of identical hematocrit values, may be dependent upon differences 
in plasma viscosity. On this -basis, the observation, by Harris and 
McLaughlin,® of increased blood viscosity in 35 of 40 hypertensive 
individuals with normal hematocrit values might be interpreted 
as being dependent upon increased plasma viscosity. 

The present study was undertaken for the purpose of investigating 
the viscosity of the blood plasma in essential hj^^ertension and its 
relation to certain factors that may influence it. By far the most 
important of these are the plasma proteins; it is, indeed, question- 
able whether any other factor is of practical significance in this 
connection under conditions compatible with life. Plasma lipid 
determinations were made because of the theoretically possible 
effect of these substances upon viscosity, as suggested by Fishberg.’ 

Material and Methods, Determinations v^ere made upon 23 
samples of blood obtained in the pdstabsorptive period from 21 
patients with essential hypertension, with and without evidence of 
renal functional impairment. In addition, similar studies were 
made in 9 normal individuals and in 7 other patients for purposes 
of comparison. Heparinized plasma was employed for the vis- 
cosity and protein determinations and oxalate plasma for the lipid 
estimations. Plasma viscositj'- was measured by a concentric 
cylinder method^ with the substitution of a more delicate torsion 
wire in order to increase the sensitivity of the apparatus for use 
with plasma. All viscosity values are recorded as relative to water 
at 37° C. The plasma protein fractions were separated by the 
method of Howe,® employing appropriate concentrations of sodium 
sulphate, buffered according to the suggestion of Medes fibrinogen 
and globulin wore determined by difference. Digestion was accom- 
plished by phosphoric-sulphuric acid mixture and potassium per- 
sulphate,'^ and the nitrogen was determined by distillation and 
titration. All determinations were performed in duplicate. Fatty 
acids were determined by the oxidation method of Bloor,® choles- 
terol by the method of Myers and WardelF and lipid phosphorus 
by the method of Youngburg.^® 

Observations and Discussion. The values for the various plasma 
protein fractions and plasma viscosity in 9 normal individuals are 
presented in Table 1. The protein values are in close agreement 
vnth those reported by other investigators” who employed the 
same methods. The viscosity values for normal heparinized plasma, 
ranging from 1.76 to 1.99, averaging 1.S8, are somewhat higher 
than those previously reported for oxalate plasma.^ 

The data obtained in the group of 21 patients with essential 
hypertension are presented in detail in Table 2. The total protein 
concentration, ranging from 5.61 to 8.66 gm. per 100 cc., shows a 
distinct tendency to vary within the high normal range, the a'v'erage 
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of 7.45 being raised to 7.54% if the last case (D. Me.), with a rather 
advanced grade of renal functional insufficiency, be excluded from 
the calculation. Govaerts^'* believed that the plasma protein con- 
centration, as well as the osmotic pressure per gram of protein, was 
increased in essential and in nephritic hypertension. On the other 
hand, jMoore and A'an Slyke’^ could demonstrate no consistent 
relationship between the concentration of plasma proteins and the 
degree of elevation of blood pressure in patients with nephritis. 
The plasma globulin I’alues in this series are within the normal 
range, but those for fibrinogen (0.16 to I.IS, averaging 0.5 gm. per 
100 cc.) and, in consequence, those for globulin plus fibrinogen 
(2.19 to 4.19, averaging 3.37 gm. per 100 cc.), are distinctly above 
normal. Fibrinogen values above 0.4 gm. were obtained in 11 of 
the 23 determinations in this group. 


Taule 1. — Normal I.vdividuaes. 



Cape. 

A’iscoaily. 

FibrinoKcri. 

Globulin. 

Fihr. + 
#jIobulin. 

Albumin. 

Total 

protein. 

NI’.N'.. 

iiiK. . 

Grams per 100 cc. 


HRi 




2.57 



2S 






2.15 




o’ 

F. R. 

1.89 

0.20 

2. -19 

2.75 

1.02 

7.38 

29 

cP 

AV. S. 

l.SS 

0.28 

2.99 

3.27 

3.01 

0.88 

32 

9 

A. C. 

1.88 

0.10 

3.12 

3.58 

3.45 

7.03 

31 

9 

A. N. 

1.82 

0.22 

3.01 

3.23 

1.00 

7.83 

29 

9 

L. L. 

1.91 

0.17 

2.41 

2.01 

1.80 

7.11 

.32 

9 

R. 11. 

1.99 

0.02 

2.77 

3.09 

4 .22 

7.31 

21 

9 

M. y. 

1.85 

O.lS 

2.08 

2.80 

4.39 

7.25 

19 

AvpriiKP . 

1.88 

0.23 

2.70 

2.93 

4.31 

i 

7.21 1 

I 


The plasma viscosity values in the patients with essential hyiicr- 
tension range from 1.S4 to 2.27 and the average, 2.01, is di.stmetly 
higher than the normal average (1.88). In only 1 instance (1. h., 
Table 2) was the viscosity below the average normal : a subsequent 
determination (11 weeks later) yielded a much higher figure. How- 
ever, 10 values in this group are below the high normal figure (l.ftf)), 
1 3 being above the upper limit of normal. In view of these observa- 
tions it would appear that previously rcportisl high blood vi.seosity 
figures in h.v])ertensive jiatients with normal hematocrit values may 
be due to increased ])lasma viscosity. 

.\o attempt will be made here to review the literature dealing 
with the relationship between proteins and the vi.'.-eo.^ity of the 
iilasina and serum; this has been «lone elsewhere.’^ 1 he pre-'ent 
data, as presented in Fig. 1. in which plasma viseri.uty is plotte* 
against total plasma protein eoneentration, indieate that in normal 
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as well as abnormal plasma there is no consistently close relation- 
ship between these two factors. This is to be expected, since 
plasma, normal and abnormal, contains an undetermined number 
of protein fractions of variable concentration, each probably influ- 
encing the viscosity to a different degree. Unfortunately, despite 
the enormous amount of data available regarding the viscosity of 
several proteins under a variety of conditions, absolute values are 
not available for each of the plasma protein fractions under condi- 
tions prevailing in the plasma. However, it is generally recog- 
nized that fibrinogen has the highest and albumin the lowest vis- 



TOTAL PROTEIN 

Eig. 1. — Viscosity plotted against total plasma protein. Open circles, cases ol 
essential hypertension; solid circles, normal individuals. 

cosity, the several globulin fractions occupying positions inter- 
mediate and transitional between these two.^'^ As may be noted 
in Table 2, in many cases in the present series increased viscosity 
was associated with an increased fibrinogen or “globulin + fibrin- 
ogen” concentration; however, in a few instances, relatively low 
viscosity was associated with a high fibrinogen content, and vice 
versa. 

The greatest divergence between plasma viscosity and total 
protein concentration occurs in those instances in which the albu- 
min fraction is low. Since the effect of this protein upon plasma 
viscosity is relatively slight, normal values for the latter may be 
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obtained in spite of marked diminution in the former; indeed, in 
the presence of a simultaneous increase in globulins or fibrinogen, 
or both, as frequently happens, the plasma Anscosity may be quite 
high. This is well illustrated in Case R. J., Table 3. This case, 
as well as others in this scries, also indicates the apparent lack of 
influence of plasma lipids upon plasma viscosity. Fishberg* believed 
that an increased cholesterol content tends to diminish \'iscosity 
by favoring a water-in-oil tj-pe of emulsion. The fatty acids were 
slightly above normal in many cases in the hjq)ertensive group, 
the average concentration, 465 mg. per 100 cc., being considerably 
higher than the average value, 35.3 mg., obtained by Boyd*' in 
normal indhdduals. This factor, however, bore no demonstrable 
relation to the plasma viscosity, as indicated bj’ Case M. M., in 
Table 3, with an extremely high fatty acid concentration and 
relativelj'’ low viscosity, in spite of a rather high fibrinogen content. 
We believe that, under conditions ordinarily existing in the blood, 

, the plasma ^^scosity is practical^ unaffected by changes in factors 
other than the plasma proteins, particularly fibrinogen and globulin. 
In oiu- opinion, the discrepancies which apparently exist between 
viscosity and protein concentrations would be eliminated if the 
individual viscosities and concentrations of the several globulin 
fractions were known. 

There was no consistent relationship between iilasma viscosity 
and either systolic or diastolic blood pressure in the present series. 
Two normal cases presented higher viscosity values than several 
in the hj'pertcnsive grou]); moreover, an increased viscosity maj' 
accompany acute infectious processes with an associated increase 
in plasma fibrinogen and, at times, globulin, ns in Case E. R., 
Table 3, with no rise in blood pressure. It would a])pear unlikely, 
therefore, that increased plasma viscosity is of fundamental impor- 
tance in the pathogenesis of Inqjertension. Hou’ever, it may be 
possible that vascular hjqiertension is in part dependent iqion 
changes incident to the effects of increased plasma viscosity persist- 
ing over long periods of time. 

Summary. 1. The total plasma protein concentration in a group 
of 21 patients with essential hj'pertcnsion was within practically 
normal limits, the average being somewhat higher than the average 
normal. The albumin and globulin fractions were approximately 
normal but the fiiirinogcn concentration was considerably elevated 
in a large projiortion of patients in this series. 

2. The plasma vi.scosity was generally higher in e.'sential hyiicr- 
tension than in normal individuals but values below the ujiper 
limit of normal were jire.'-’ent in .wmc itistanci*.-'.^ liicre was no 
demonstrable rclntionsliij) between the plasma viscosity and the 

degr«'e fif hyjxTtonsion. _ . , , t 

3. 'I'he concentration of fatty acids was slightly abov<? nornial 
and the average considerably above the average norm.al. 1 he 
plasma lipids appeared to bear no relation to the jda.'-nia viscosity. 
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4. j he relationship betAveen the various plasma proteins and 
plasma viscosity may perhaps be more clcarlj' established when the 
cpncentrations and relative viscosities of the several globulin frac- 
tions can be determined accurately. 
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usefulness, and venous pressure measurements afford no direct 
information as to the state of the pulmonary circulation. 

The volume of blood pumped by the heart each minute is con- 
veniently spoken of as the “cardiac output,” and is for practical 
purposes the most satisfactory criterion of its functional efficiency. 
Determination of the cardiac output, however, is difficult, and only 
recently have methods been developed which give accurate results.’ 
The velocity of the blood flow, however, may easily be determined 
with a fair degree of accuracy, and represents in considerable measure 
the effect of cardiac work and cardiac strain. 

Many methods have been proposed for estimating the speed of 
the circulation, the majority of which depends upon the injection 
of a foreign substance into the circulation at one point and detecting 
its arrival at another by means of a signal or end reaction. The 
term “circulation time” denotes the interval of time necessary for 
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the fastest particle of a foreign substance to traverse the shortest 
available path between the point of injection and the place of 
detection.^. Thus, the inteiwal elapsing from the moment of injec- 
tion of a bitter substance into an antecubital vein and its percep- 
tion on arrival in the tongue is spoken of as the “arm to tongue 
circulation time,” and necessarily includes the blood flow through 
the lungs, which is the major portion of the path. 

Robb and Weiss^ and Blumgart and Yens’ have each proposed 
criteria which should be met by the ideal procedure for determining 
circulation time. The substance must be non-toxic in the amounts 
utilized; it should itself not affect the rate of blood flow; the reaction 
time after arrival in the end organ should be short, and the signal 
should be clearcut; the effect should wear off quickly to allow of 
repeated measurements; and finally, it should be objective and, 
if possible, suitable for graphic registration. 

Methods. Since the early experiments with fluorescein by Koch, 
the following substances have at one time or another been employed 
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in determining the speed of the circulation. An active radium 
deposit;^- « histamin phosphate;^ sodium dehydrocholate;^ sodium 
cyanid;®' ® saccharin;*® endoiodin, an organic iodin preparation;** 
calcium chlorid and calcium broraid;*® xmlatile substances such as 
ether and perfumes for measuring the velocity on the arterial side 
of the pulmonary bed.*® 

Technical difficulties, expense, untoward or toxic effects, and 
the possibilities of venous thrombosis and local tissue damage are 
some of the objections that have at times been recognized in one or 
another procedure, in some instances by the proponent of the 
method himself. • 

Technique of Calcium Gluconate Test. A satisfactory method 
should be capable of being utilized by the practitioner at the bed- 
side, employing the resources ordinarily at his command. The 
material should be readily available, free from to.xic effect, and 
incapable of causing pain, thrombosis or tissue necrosis when rap- 
idly injected. Such criteria are met by calcium gluconate, which 
in this country has become the preparation usually employed when 
intravenous or intramuscular calcium medication is indicated. 
The patient reclines, with the arm at the level of the right auricle. 
After entering the vein, the tourniquet is withdrawn, and the cir- 
culation is permitted to return to normal. A stopwatch is held in 
the left hand, and 3 to 5 cc. of the 10% solution is injected as 
rapidly as possible with the other, through an IS-gauge needle. 
When the larger amount is used, a characteristic response is invari- 
ably elicited. The time required for completing the injection is 
subtracted from the total circulation time, although if a needle of 
large bore be used, this rarely occupies more than -* second. There 
has been recently made available a 20% solution of calcium glu- 
conate which permits the use of smaller volumes, and minimizes 
the factor of injection time. Recent tests have been carried out 
with 2.5 cc. of this solution with improved re.sults. TJicre is no 
pain, thrombosis or slough should the injection be improperly made. 
The patient announces the onset of the hot sensation in the pharynx 
by crying out “hot,” or some other such signal. The sensation 
is sudden in onset, and wells up rapidly into the throat very much 
like a “gust of steam,” to use the e.vpression of one patient. It is 
next felt in the face, and then successively in the anterior cljcst. 
perineum, the hands, and finally the feet. These effects depeiul 
upon the arrival of the solution in the respective peripheral arterial 
beds. The onset of the sensation in the throat and tongue is niost 
intense, as the substance is here present in greatest concentration. 

After the .sensation has entirely subsidefl. usually within 1 or 
2 minutes, the remling may be rcpeatcil, without removing the needic 
from the vein. 1'iie secomi reading usually ('hc<-Ics closely with the 
fir.st. indicating that the first injection of the material has no great 
effect on the circulation itself. No discomfort is cxiicrience<l by 
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the patient as a result of the rapid injection, even in those Avitli 
advanced heart failure. One patient with auricular fibrillation and 
severe heart failure of rheumatic origin complained of palpitation 
shortly after the test, but this was the only instance observed. We 
have tested a number of patients who were under digitalis medica- 
tion and have observed no instance of untoward calcium and digitalis 
Sjymergism. This method has the additional advantage that circu- 
lation time readings to the extremities may be made, if desired, 
affording a possible approach to the study of peripheral vascular 
disease. However, it is entirely subjective and cannot be carried 
out without the cooperation of the patient. 

Most of our patients were at rest in bed in the hospital, some 
were dispensary patients, and others were seen at home or in the 
office. We have not found it necessary to perform the test under 
basal conditions, as advocated by some, inasmuch as Boothby and 
Hynearson^'^ have shown that the increase in cardiac output in 
hyperthyroidism is greater than that observed when the metabolism 
’ of normal subjects is raised to a corresponding level by exercise. 
They conclude that there is an additional factor in hyperthyroidism 
which stimulates the circulation beyond that required by the meta- 
bolic demands of the tissues. Furthermore, Rosenblum states that 
. when the level of metabolism is raised by dinitrophenol,^® the circu- 
lation speed is not increased as it is with the administration of 
' thyroid substance or in spontaneous hyperthyroidism. 

Results. • Duplicate readings were made on 156 patients. In 
those with cardiac failure, as many as 6 or 8 duplicate tests were 
made at various times during their illness, and recovery of com- 
pensation was always associated with a shortening in circulation 
time. The results are shown in Table 1. 


Table 1. — Ciuculation Time Determination in 156 Patients. 

Reading in eoconds. 


No, of 

Condition. patients. 

Lowest. 

Highest. 

Mean. 

Probable 

error. 

Normal 

60 

10 

16 

12.5 

=fcl.O 

Hyperthyroidism .... 

17 

7 

11 

9.9 

±1.1 

Cardiac failure 

15 

20 

40 

26.7 

±3.8 

Myocardial insufficiency . 

11 

16 

23 

18.7 


Bronchial asthma .... 

4 

12 

14 

13.0 


Nephritis with and wthout 
edema 

2 

13 

13 

13.0 


Compensated valvular heart 
disease 

8 

11 

14 

13.0 


Hypertension 

25 

8 

16 

12.0 

±1.4 

Fever 

7 

8 

13 

10.0 


Anemia 

3 

8 

11 

9.0 


Myxedema and hypothyroidism 

4 

19 

22 

20.0 



The group of 11 patients designated ‘'myocardial insufficiency” 
were not decompensated, but in several there had been pre\nous 
episodes of. coronary thrombosis, and all showed electrocardio- 
graphic evidence of myocardial disease. There were no com- 
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plaints, except fatigue and dyspnea on exertion, and no physical 
signs of heart failure. One patient, in a severe attack of bronchial 
asthma, had a normal circulation time of 14 seconds. A woman 
with general anasarca caused by nephritis, showed a reading of 
13 seconds. There were S patients with healed, compensated rheu- 
matic valvular lesions who showed normal readings. Likewise, 
25 patients with uncomplicated hypertension had circulation times 
from 8 to 16 seconds (average, 12). 

In 21 patients, before or immediatelj’' after the tests with calcium 
gluconate, we carried out duplicate determinations with decholin. 
In these there was complete correspondence in 7 patients, a differ- 
ence of less than 1 second in 9; less than 2 seconds in 1; less than 
3 in 2, and a variation of 4 to 6 seconds in 2 other patients. 

Summary and Conclusions. The arm to tongue circulation time, 
a relative index of the rate of blood flow through the lungs, is a 
useful test of the functional efficiency of the circulation. The 
velocity with which the blood flows through the lungs is a composite 
result of the oxygen demands of the body and the capacity of the 
heart and bloodvessels to propel the blood to meet such demands. 

A simple method is described which lends itself to general use, 
and the results in 156 normal and pathologic cases are reported. 
The calcium gluconate method gives normal readings varying from 
10 to 16 seconds, with an average arm to tongue circulation time 
of 12.5 seconds. 

Hyperthyroidism increases the velocity of the blood, flow, and 
cardiac failure markedly slows it. In mj^xedema and hj'pothyroid- 
ism there is a slowing of the circulation in proportion to the fall in 
metabolism. The, test is helpful in the differentiation of edema of 
cardiac or renal origin, and may be of assistance in distinguishing 
between cardiac and bronchial asthma. The calcium gluconate 
test is approximately accurate, and easy to perform. No untoward 
effects have been observed, nor has there been any thrombosis or 
tissue damage in a single Instance. 
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Since tlie days of Withering^ and his brilliant research upon 
foxglove in the treatment of dropsy, digitalis has overshadowed 
all the other drugs of this group in the treatment of cardiac edema. 
Squill, while consistently used for similar purposes, has occupied a 
position of secondar^’^ importance. The use of squill in medicine 
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dates back many centuries. Scheer and Sigerist/ in writing the 
history of squill, mention that P 5 dhagoras and Galen recommended ' 
it to ''prolong life,” and describe its use by the early Egyptians 
and also the Romans. 

The recognition that the members of this family of drugs are 
each composed of a number of glucosids has led to an immense 
amount of research for the purified glucosidal elements of both 
digitalis and squill. The processes for isolation and analysis of 
insoluble glucosids of squill Avere perfected by Dj^as® and Ingersoll.'* 

Van Dyke and Wallace^ investigated two of these squill glucosids 
in animals (scillonin A and B) and found they were less cumulative 
than ouabain, although the acute toxic effects produced by continu- 
ous intravenous injection were the same. Carr and Mayer® have 
recently reported fnAwable clinical experience Avith scillonin. They 
found that cardiac irregularity was a sign of intoxication as it is in 
digitalis. The Council on Pharmac 3 '^ and Chemistry accepted the 
material last yearJ 

We have made a further evaluation of the cardioactivity of these 
glucosids in heart disease with congestive heart failure AAuth electro- 
cardiographic studies. Man}"- serial electrocardiograms were taken 
on our patients before, during and after squill medication, giAung a 
mobile picture of the effects of squill upon the electrocardiogram. 
With the renewal of interest in squill derivatives in the past few 
years AA^e felt it worth while to report our findings of the electro- 
cardiographic changes caused by this drug. . 

The effect of squill and its glucosids upon the electrocardiogram 
has not received a great deal of attention. In 1911, Turnbull® 
recorded the production of sinus arrhjdhmia, heart block, and “an 
irregularity whose nature cannot be decided with certainty but 
which may be a condition of heart alternation, or may be due to 
extrasj'stoles.” One electrocardiogram taken in this studj^ showed 
prolongation of the P-M interA'^al from 0.16 to 0.3 second, and 
dropped A''entricular beats. 

In 1911, Windle® recorded partial and complete heart block in a 
patient as a result of digitalis, squill and strophanthus. 

VTiite, Balboni and Viko'® (1920) reported on the “digitalis-like 
action of squill.” They found that heart block was produced only 
by large doses of squill and that the 1’ -waves were flattened or 
inverted. 

Ivauffmanii ( 1923 ) reported a series of cases of auricular fibrillation 
treated Avith digitalis and quinidin and squill and quinidin. He 
recorded the percentage of conA'^ersion to sinus mechanism as 41.3% 
Avith quinidin combined with digitalis. VTien squill and qumidin 
were used together he secured a higher percentage of 61.1%. 

Boden and Neukirch'^ (1923) reported a patient Avith auricular 
flutter w'ho regained a sinus mechanism under the influence of 
squill and relapsed to auricular flutter when the squill was discon- 
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tinned. They reported the electrocardiograms of warm-blooded 
animals showed extrasystoles, aurieuloventricular block and ven- 
tricular standstill with continued beating of the auricles under the 
influence of squill. 

Estabe^^ (1928) reported a patient with valvular disease in whom 
digitalis produced an aurieuloventricular block. He changed the 
medication to squill because of its supposed non-cumulative action. 
Aurieuloventricular block again resulted similar to that produced 
by the digitalis. 

Van Dyke® (1933), in his studies of scillonin in cats and dogs, 
recorded an increased P-R interval, dropped beats, sinoaiiricular 
block and ventricular extrasystoles. 

The effect of digitalis on the electrocardiogram has been more 
intensively'- studied with varied reports. The first records are 
credited to Cohid^ and his coworkers in 1915. They reported the 
effects upon the R-T, S~T segments and 7' waves as present in 30 
of 34 cases studied. They noted that the effect of the drug lasted 
in some cases as long as 22 days. Cohn mentioned several investi- 
gators who reported the effect of digitalis upon the electrocardio- 
grams of animals In which the heights of the T waves were increased. 

Pardee^® (1920), in studying the rate of absorption of digitalis 
from the gastro-intestinal tract, reported: “The action of the heart 
muscle, as shown by the change in the T wave, begins between 
2 to 4 hours after a dose of 1 minim of the tincture for each pound 
of weight .... diminution in its height, or a sinking of the level 
before the T ... . which later results in an inversion of the T 
in one or more leads,” 

Pardee^® (1923) in studying standardization methods of digitalis 
by its action on the human heart, stated: “This change in the 
T wave of the electrocardiogram comes on after small amounts of 
digitalis have been given by mouth, and increases steadily in degree 
as more of the drug is given.” 

Pardee,^^ in his liook, states: “The effect of digitalis is very 
characteristic and usually consists of a diminution of the height 
of the T with a depression .... when right or left axis deviation 
is present the effect of the digitalis changes the T wave in such a 
way that it finally comes to be opposite in each lead to the direction 
of the predominant waves of the Q-R~S.” 

Brams^® (1931) stated: “Electrocardiograms taken at frequent 
intervals over a long period of time failed to show a constantly 
Imvered T wave. , The T wave was never seen to be negative.” 

Coelho,!® in studies on dog and human electrocardiograms, found 
only 18% showed changes in tlic T wave, disagreeing with American 
investigators. 

A few reports of the clinical and electrocardiograi)hic studic.s of 
squill, and the more comprehensive studies made with digitalis, 
would imply that the effects of the two drugs are somewhat the 
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same. The results of our studies with urginin* are in accord with 
these findings. 

Method of Study. Twenty-five consecutive cases of heart disease with 
edema in the heart ward at the Cook County Infirmary were selected for 
study of the cardioactiwty of urginin. The clinical diagnosis of these 
patients is appended in Table 1. All cases were in serious' congestive heart 
failure with gross edema, with a functional classification of Group III, 
according to the standards of the American Heart Association.-” ' 

A number of these cases were of the coronary and syphilitic types of 
heart disease, where digitalis or squill may not have been the medication 
of choice. The patients were selected consecutively, however, on the 
basis of edema which did not recede with bed rest during the observation 
period. 

Each case was carried through a control period of 5 to 20 days until 
evidence was established that bed rest was not effective in reduction of 
the edema. Electrocardiograms taken on alternate daj^s during this 
period of observation gave evidence that there was no digitalis effect in 
the electrocardiograms. Only 3 cases, however, had received the drug 
within the 4 weeks prior to the observation period. 

During the period of study of 5 to 20 days, the only medication given 
was liquid petrolatum, morphin sulphate and urginin. Fluid intake was not 
limited nor was salt restricted from the diet. Electrocardiograms noth 
the conventional three leads were taken on alternate days and chest leads 
every fourth day. The patients were weighed daily at 7 a.m., their 24-hour 
daily fluid intake and urinary output were recorded and graphed. Apical 
and radial pulse rates were counted for 60-second periods at 8 a..ai., 12 noon, 
4 p.M. and 8 p.m. and graphed. 

A period of observation following the medication was made upon the 
majority of the patients and 5 cases Avere restudied Avith digitalis for com- 
parison. 

Dosage. Urginin was administered in tablet form once, tvice or thrice 
daily after meals. Each tablet contained 0.5 mg. of the purified glucosid. 
The method of dosage varied in each individual, depending upon his 
response to the drug. Some patients received 3 mg., 6 tablets per day, for 
the first 2 to 4 days, followed by a reduction to 0.5 to 1.5 mg. for mainte- 
nance dosage. In others the original dosage was only 2 rag. AA'ith reduction 
to maintenance dosage later. A fcAv patients were given daily doses of 

1 to 1.5 mg. daily over a period of 10 to 40 days. 

Results. Ventricular Bate. The ventricular rate was decreased 
in 21 of the 25 patients (84%). The decrease occurred^ in the 
patients with a normal sinus mechanism or auricular fibrillation. 
The 4 exceptions included 1 patient with chronic auricular flutter, 

2 Avitli uremia to which they succumbed, and 1 Avith a broncho- 
pneumonia which caused his death. The decrease in the A^ntricular 
rate Avas most obvious in the group Avith auricular fibrillation and 
least marked iii those Avith SA-philitic heart disease. 

Nineteen patients had a sinus mechanism, to whom urginin Avas 
administered from 7 to .32 days, with an aA'erage dailj dose ranging 
from 1 .3 to 2.22 mg. 

* A mixture of equal parts scillonin \ and scillonin B (Grisard-Dy.as) accepted 
under the name “urginin” by the Council of Pharmacy and Chomistrj- of the Ameri- 
can Medical Association. 
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Table 1. — Cardiac Diagnoses, 


Case 

No. 

Etiologic 

1 

Anatomic | 

Physiologic 

1 

Thyrotoxicosis 

) 

Occlusion of the superior 

Sinus mechanism. 


Thymoma 

1 vena cava 




Cardiac dilatation 


2 

Hypertension 

i 

Cardiac hypertrophy 
Coronary sclerosis 

j Sinus mechanism. 

3 

Hypertension 

Cardiac hypertrophy 

Sinus mechanism. 


1 Arteriosclerosis 

1 Uremia 

Coronary sclerosis 


4 

Arteriosclerosis 

Myocardial fibrosis 

Auricular fibrillation. 

5 

Arteriosclerosis 

Coronary thrombosis 

Sinus mechanism. 



Myocardial infarction 

Extrasystoles (ventricular) 



Cardiac hypertrophy 

Prolonged P-R interval. 

6 

Syphilis 

Aortitic regurgitation 
Aortitis with dilatation 
Cardiac hypertrophy 

Sinus mechanism. 

7 

Hypertension 

Cardiac hypertrophy 

Sinus mechanism. 


Arteriosclerosis 

Coronary thrombosis 
(old) 

Coronary sclerosis 


S 

Hypertension 

Cardiac hypertrophy 

Sinus mechanism. 


1 

Coronary sclerosis 

Extrasystoles (ventricular) 

9 

Pulmonary disease 

Cor pulmonale 

Sirius ^echanism. 

Extr systoles (ventricular) 

10 

Hypertension | 

Cardiac hypertrophy 

Sinus mechanism. 


Arteriosclerosis 


Auricular flutter. 

Auricular fibrillation. 

11 ! 

Thyrotoxicosis 

No cardiac disease 

Sinus mechanism. 

12 

Syphilis 

Aortitis with dilatation 

Sinus mechanism. 

13 

Syphilis 

Cardiac hypertrophy 

Sinus mechanism. 


Hypertension 

Aortitis 


14 

Hypertension 

Cardiac hypertrophy 

Auricular fibrillation. 


Arteriosclerosis 

Coronary sclerosis 

Sinus mechanism. 
Extrasystoles (ventricular) 

15 

Hypertension 

Cardiac hypertrophy 

Sinus mechanism. 

IG 

Hypertension 

Cardiac hypertrophy 

Sinus mechanism. 


Arteriosclerosis 

Coronary sclerosis 


17 

Hypertension 

Cardiac hypertrophy 

Complete A-V dissociation. 


Arteriosclerosis 

Coronary sclerosis 
Coronary thrombosis 


18 

Hypertension 

Arteriosclerosis 

Cardiac hypertrophy 

Auricular fibrillation. 

19 

Hypertension 

Cardiac hypertrophy 

Auricular fibrillation. < 

20 

Arteriosclerosis . 

Coronary sclerosis 

Left bundle-branch block 


Hypertension 

Coronary thrombosis" 

with prolonged conduc- 


Cardiac hypertrophy 

tion time; A-V block. 

21' 

Hypertension 

Coronary sclerosis 

Left bundle-branch block. 


Arteriosclerosis 

Coronary thrombosis 

Partial auriculoventricular 



Cardiac hypertrophy 

block. 

22 

Chronic bronchiectasis 
Chronic emphysema 

Cor pulmonale 

Sinus mechanism. 

Sinus mechanism. 

23 

-Arteriosclerosis 

Hypertension 

Cardiac hypertrophy 

Auricular fibrillation. 

24 

Hy))ertension 

Cardiac hypertrophy 

25 

Arteriosclerosis 

Coronary sclerosis 

Sinus mechanism. 


Diabetes mellitus 
Hypertension 

Myocardial fibrosis ; 
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P Waves. No conclusions could be drawn concerning the effect 
upon the P waves. We found that the contour of the P waves 
varied mildly in the control studies. During the control and medi- 
cation period, it was not uncommon to find slight changes in the 
contour of the auricular complexes, such as change in height, notch- 





Eig. 1. — A, Control before medication. B, Slight depression of R-T segmout 
and lowered T wave (5 daj’^s); C, Further depression of the R-T segment and 
lowered T w.ave (10 days). D, Concavity of R-T segment and almost total oblitera- 
tion of T wave (15 days). Lead I throughout. 


ing and widening. These changes were not sufficiently consistent, 
however, to warrant description of definite changes due to drug 
effect. 

Effecis Upon ihc P-R hUcrml TJie P-R interval wtts prolonged 
in 16 of the 19 cases. Of the 3 patients whose electrocardiogram 
showed no change in the P-R interval, one received 23.5 mg. of 
urginin over a period of IS days with an average dose of 1.3 mg. 
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A B 

Pig. 2.~A, Electrocardiogram with left axis de\-iation before medication B, Elec- 
trocardiogram with left axis deviation after 20 days of medication, (to a urginin 
intake, 30 mg.) 
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of urginip per day. The second received 61 mg. of urginin over a 
period of 32 days with an average daily dose of 2.21 mg. This 
patient was later checked with digitalis, receiving 51 grains of a 
known potent product over a period of 17 days with an average 
daily dose of 3 grains, without demonstrable change in a P-R 
interval of 0.2 second. All 3 of these patients showed characteristic 
changes in the R-T and S-T segments. Two were hypertensive 
vascular problems and 1 a case of sjiihilitic aortitis. 

The minimal change recorded in the P-R interval was 0.02 second 
and the maximum increase was 0.12 (control, 0.16; ‘medication 
period, 0.28). Prolongation of the P-R interval was not propor- 
tionate to the amount of drug administered. The patient who 
showed the maximum change of 0.12 second received only 14 mg. 
over a period of 7 days, or 2 mg. per day. Similar or greater dosage 
in other patients showed a lesser change. 

Effect Upon the Q-R-S Complexes. No consistent changes were 
noted in the time interval of the Q-R-S complexes. The height 
sometimes varied but this appeared to be consistent with increase 
or decrease of edema. The descending limb of the R spike pro- 
jected below the base line as described in the next paragraph with 
changes in the R-T segment. Similarly the ascending limb of the 
/S wave in Lead III projected above the base line as the S-T seg- 
ment was changed. 

One series of electrocardiograms showed a prominent Q wave in 
Lead III, which became shorter under medication and longer after 
the drug was discontinued. 

Effect Upon the R-T and S-T Segments. The R-T or S-T seg- 
ment was affected in all 25 cases. ' With a dosage of 1 to 3 mg. per 
day, this change was usually noted on the fourth or fifth day of 
medication. In those cases with the Q-R-S complex directed 
upward in all leads, the isoelectric R-T segment became concave, 
with mild blunting of the peak of the T wave when it was directed 
upward. With continued administration of the drug, the concaAoty 
deepened and the descending limb of the R spike progressed below 
the base line, while the T wave became obliterated. These changes 
were present in all leads, usually most marked in Leads II and III. 

In those cases Avith diphasic or inAmrted T AA^aATS the R-T segment 
was sometimes directed diagonally or shoAved a convex curA^e. ' 
The effect of urginin on these segments was similar in that they 
assumed the same concaAm appearance as that described aboAm, 
although the descent of the descending limb of the R wave beloAV 
the isoelectric level aa'us less marked. 

In cases with left axis deviation Avith the T wa\"e directed upAA^ard 
in Lead III, the change in the S-T segment consisted of a convexity 
Avith deformity of the T wave. The ascending limb of the S spike 
progressed aboAm the base line. , • „ 

T-wavc Effects. The contour of the T waA'e was affected m all 
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cases but this aiipeared to be a part of the change in tlie ll~T or 
S-T segment. No case showed straight inversion of the 7' waves 
in any lead. 

Azmcular Fibnllntlon. Four cases of auricular fibrillation were 
studied. The ventricular rate was slowed in all cases. The R~T 
and S~T segment changes as just described appeared in all 4 cases. 

Heart Block. One case with complete A-V dissociation, presum- 
ably due to coronary thrombosis, was given urginin. The mechan- 
ism changed to a sinus mechanism with a prolonged P~R interval. 
The change was considered a coincidence. 

There were 2 cases of left bundle-branch block in the series. 
The urginin showed no effect upon the contour of the Q-Ri-S com- 
plexes but the R~T and S-T segments became concave and coni'^ex 
in all leads. In 1 patient with bundle-branch block the mechanism 
changed to auricular fibrillation, with left axis deviation, and ivith 
the T waves in the same direction as the main deflections. The 
Q-R-S complex originally measuring 0.16 second was changed to 
measure 0.12 second with disappearance of the notching. Eight 
days after cessation of the medication the sinus mechanism was 
resumed with characteristic left bundle-branch block. Repetition 
of the drug in lesser amounts failed to reproduce this phenomenon. 

Auricular Flatter. One case of the series had a chronic auricular 
flutter. Previous to the study the patient had been treated with 
quinidin, digitalis and a combination of both without results. 
During the urginin medication short periods of auricular fibrillation 
were observed. Paroxysmal periods of sinus mechanism then 
occurred and the patient eventually resumed a permanent sinus 
mechanism. 

Proch{ctio?i of Cardiac Irfcgularity. In 12 of the 25 eases, extra- 
systoles were noted. The origin was ventricular in 5 instances, 
both ventricular and auricular in 4, ventricular and nodal in 2, 
and nodal alone once. Three of these patients showed extrasystolcs 
both before and during the medication periods. Nausea was 
observed in onlj' 2 of the 25 cases as an indication of overdosage. 

' Five cases developed auricular fibrillation during the period of 
medication. One case (formerly converted from auricular fibrilla- 
tion to a sinus mechanism with quinidin sulphate) reverted to 
auricular fibrillation under urginin without quinidin. A second 
case developed auricular fibrillation on tlie second day after the 
onset of bronchopneumonia and the arrhythmia persisted until 
death on the fourth day. A third case developed auricular fibrilla- 
tion on the fifth day of medication receiving 3 mg. per day, sinus 
mechanism was resumed in 48 hours. This patient receiving digi- 
talis (3 grains per day) developed auricular fibrillation at the end 
of 7 days (total, 21 grains). Cessation of the drug was followed 
by resumption of a normal sinus mechanism. This phenomenon 
was repeated on 4 occasions with digitalis. One patient developed 
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auricular fibrillation on tlie third day of medication after receiving 
9 mg. of urginin (3 mg. per day). The medication was stopped for 
3 days and again resumed for a period of 7 days at the same dosage. 
At the end of another 7 days; sinus mechanism was resumed. The 
patient was later given 2 mg. per day without change in mechanism. 
One patient developed auricular fibrillation after 12 days with a 
dose of 2 mg. per day. This patient had a complicating broncho- 
pneumonia. 

Summary. The effects of squill glucosids upon the electrocardio- 
gram appeared to be characteristic and fairly consistent, particularly 
upon the R-T and S-T segments. The recorded changes of eon- 
cavity and convexity produced were similar to those produced by 
digitalis as reported by Cohn and Pardee. In those patients whom 
we studied with both urginin and digitalis the changes produced 
were similar with equivalent amounts of each drug over equal periods 
of time. 

There was a wide variation in the degree of effect produced in 
different patients, implying a variable amount of absorption of the 
ingested drug, a difference in the response of the patient, or other 
unknown factors. 

In therapeutic doses, which is a relative term i^arying with each 
patient, the effects of urginin, like those of digitalis, appeared to 
be limited to an effect upon the R-T or 8-T segment, slight pro- 
longation of the P-R interval and occasional extrasystoles. 

In patients intolerant to the medication, the effects of overdosage 
appeared to be the production of frequent extrasystoles, marked 
prolongation of the P-R interval and the production of auricular 
fibrillation. 


REFERENCES.' 


1. Withering, W.: An Account of the Foxglove and Some of Its Medical Uses, 
With Practical Remarks on Dropsy and Other Diseases, Birmingham, M. Swinney 
for G. G. J. and J. Robinson, London, 1785. 

2. Scheer, H., and Sigerist, H. E.: History of SciJla Medication, Schweiz, med. 
Wchnschr., 67, 1168, 1927. 

3. Dyas, C. S.; Method of Extracting Cardioactive Principles of Squill, United 
States Patent No. 1,972,876, September 11, 1934. 

4. Ingersoll, A. W.: Analytical Report for Grisard Laboratories. (Unpublished). 

5. Van Dyke, H. B., and Wallace, E. W.; Cumulative Poisoning by Squill 
Derivatives and by Ouabain, J. Pharm. and Exp. Therap., 48, 430, 1933. 

6. Carr, J. G., and Mayer, J. F,: Clinical Experience With a Derivative of 
Sq uill , Arch. Int. Aled., 56, 700, 1935. 

7. Report of the Council on Pharmacy and Chemistry, J. Am. Med. Assn., 103, 

1708, 1934. _ 

8. Turnbull, H. H.: Cardiac Irregularities Produced by Squill, Heart, 2, 15, 


^^^^MTndle, J. D.: Heart Block From Drugs of the Digitalis Group; The Com- 
parative Effects of Digitalis, Strophanthus, Squill and Apocynum, Heart, 3, 1, 1911- 

^^10. White, P. D., Balboni, G. M., and Viko, L. E.: Clinical Obser^ntions on the 
Digitalis-Uke Action of Squills, J. .tUn. Med. Assn., 75, 971, 1920 . ^ 

11. Kauffman, F.: Treatment of Heart With Scilla and Quimdmc, Munohen. 
med. Wchnschr., 70, 521, 1923. 



SHAY, RIEGEL: diagnosis OP GALL BLADDER DISEASE 51 


„ E- Jind Noukirch, P.: Klinischc und Experimentelle Studien iiber, 

Scilla, Deutsch. Arch. f. klin. Med., 142, 173, 1923. 

13. Estabe, F. deA.; Partial Block Due to Use of Squill, An. hosp. de Santa 
Cruz y San Pablo, 2, 20, 1928. 

14. Cohn, A. E., Fraser, F. R., and Jamieson, R. A.: The Influence of Digitalis 
on the T 'Wave of the Human Heart, J. Exp. Med,, 21, 593, 1915. 

15. Pardee, H. E. B.; The Rate of Absorption of Digitalis From the Gastro- 
intestinal Tract, J. Am. Med. Assn., 75, 1258, 1920. 

16. Pardee, H. E. B.; The Standardization of Digitalis by Its Aetion on the 
Human Heart, Ibid., 81, 186, 1923. 

17. Pardee, H. E. B.: Clinical Aspects of the Electrocardiogram, New York, 
Paul B. Hoeber, Inc., 1928. 

IS. Brams, W. A., and Gaberman, P.; The Effect of Digitalis on the T Wave of 
the Electrocardiogram: An Experimental Study in Human Beings, Am. Heart J., 
6, 804, 1931. 

19. Coelho, E.: L’action de la digitale sur Tondc T de relectrocardiogrammc. 
Arch, de mal. du coeur, 24, 746, 1931. 

20. Criteria for the Chissification and Diagnosis of Heart Disease, Tuberculosis 
and Health Association, 2d ed., Nerv York, 19.34. 


THE ROLE OF THE LABORATORY IN THE DIAGNOSIS OF 
GALL BLADDER DISEASE. 

By Harry Shay, M.D., 

AND 

Cecilia Riegel, Ph.D,, 

ASSOCIATE IN STOGICAL BESEAECH, UNIVERSITY OF PENNSYLVANIA, 
PHILADELPHIA, PA. 

(From the Laboratory of Surgical Research, University of Pennsylvania, 

Philadelphia.) 

In the diagnosis of gall bladder disease the laboratory has come 
to be of inestimable help and often takes precedence over the history 
and physical findings in confirming or denying the opinion. The 
mimicry of the gall bladder picture by extrabiliary tract conditions 
has long been recognized. Yet, the very recent statement by 
Graham and Ma ckey,^ that “it is perhaps not sufficiently appreciated 
that manj^ conditions are often confused with gall bladder disease,” 
reiterates the need for a highly critical attitude on the part of the 
diagnostician and a thorough investigation of every patient sus- 
pected of having gall bladder disease, in order that the operations 
unwisely performed upon the biliary tract may be avoided. 

It was thought that it might be of interest to study a group of 
patients suspected of having gall bladder disease, in which duo- 
denal drainage was uniformly performed and interpreted, in order to 
determine to what extent the results of such investigation could be 
relied upon. To this end, non-surgical biliary drainage was in all 
cases performed by one of us (H. S.). ' Microscopjc_ examination 
of the bile sombtained was made by the same individual and an 
opinion of the biliary tract, findings rendered independently of the 
historical data and without loiowledge of the Roentgen ray report. 
A single drainage only was done in each patient. Very careful 
roentgenologic technique and ex^iert roentgenologic opinion were 
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available for each case, although the Roentgen examination and 
the interpretation of the films were not done by the same individual. 
All patients were referred to Surgical Service E ,of our University 
Hospital, so that a uniform surgical opinion would be available. 
Of further interest is the fact that in 21 of the 30 cases in this series, 
the gall bladder bile obtained at operation was studied by a group 
thoroughly familiar with analytical bile chemistry, thus making the 
data available as a measuring rod for the pre-operative laboratory 
and the operative findings. 

The usual pathologic examination was done on all cases in which 
the gall bladder was removed, even though the inadequacy of a 
pathologic examination in showing the degree of disordered function, 
or even to assure its presence, is well known. Graham and Mackey' 
recently indicated the precise value of this examination in estab- 
lishing the status of the removed gall bladder. “The surgeon, if he 
finds little evidence of a pathologic change at the operation, is likely 
to find solace and justification in the microscopic examination of the 
organ. Unfortunateljq however, this examination is unlikelj^ to 
be of much help in just those cases in Avhich the help is most needed. 
It is well known, for example, that there is practically no agreement 
among pathologists as to what constitutes a normal gall bladder. 
It is rare, therefore, for a gall bladder to be pronounced normal on the 
basis of a microscopic examination.” 

For the diagnosis of inflammatory disease of the gall bladder, 
gastroenterologist and roentgenologist both rely upon recognizable 
changes in the same two functions of the organ, its ability to absorb 
water and its ability to empty its contents. The gastroenterologist’s 
definition of normal gall bladder function depends upon his ability 
to obtain an adequate gall bladder fraction of bile, of proper con- 
centration, after inducing duodenal relaxation.* 

The Roentgen interpretation of normality depends for its success 
upon concentration of the dye and upon the changes in the size of 
the shadow as a result of empt 3 dng subsequent to the administra- 
tion of a fat meal. The.biliary drainage studies depend in part upon 
the ability to obtain a gall bladder fraction. When this is obtainable 
the experienced investigator should be able, as a rule, to indicate 
derangement of function with as much certitude as can the roent- 
genologist from a cholecystogram. 

In the bile obtained by non-surgical biliary drainage, an altera- 
tion of the gall bladder function will be reflected in an inadequate 
amount of “B” bile, in an imperfectly concentrated B fraction, 
or in a complete absence of a “B” fraction. This last may be indi- 
cative not only of abnormal function, but also of C 3 'stic duct occlu- 

* An adcqu-ite “B” Inaction (of Lyon) consists of 30' to 50 cc. of dark bron'n, 
black brown, or preon black bile, showing in the drainage collected a clearly marked 
difference from the fraction obtained before the so-called "duodena! stimulation 
and followed again by a lighter portion. 
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sion or of a functioning or abnormaliy functioning gall bladder 
filled with stones. 

In 1923, Hollander'* reported cholesterol crystals in gall bladder 
bile in cholelithiasis. This was confirmed by Mateer and Hender- 
son,® Einhorn’® and Jones.” The latter 2 reported cases in which 
bilirubin calcium pigment, in addition, had been found in the duo- 
denal aspirate. In 1928, Piersol, Bockus and Shay'^ sti’essed the 
significance of these microscopic findings in the bile in gall stone 
disease. Further experience in a series previously reported,^® and 
in this group of patients, has fortified the confidence placed in the 
finding of cholesterol crystals and characteristic pigment in bile 
obtained by the Lyon method of non-surgical biliar^^ drainage. 
Briefly, the presence of both cholesterol crystals and supposed 
calcium bilirubinntc in drainage bile, in our experience, has been 
invariably associated with the presence of gall stones. The finding 
of one of these elements alone strongly indicates the presence of 
stones. When only cholesterol crystals are found, cholesterosis 
without stones will occasionally be discovered at operation. When 
the pigment alone is present, the diagnosis of stones must be more 
cautiously considered, particularly if jaundice is, or recently has 
been, present. The absence of these elements in the bile when no 
“B” fraction is obtained, makes it impossible by drainage alone to 
determine the presence or absence of stones. In such instances 
stones may be present, but due either to cystic duct occlusion or 
the failure of the gall bladder to empty, no evidence of their presence 
may be found in the drainage bile. 

Rafsky'® recently suggested that the importance of these micro- 
scopic findings lies in their quantity. However, we belie\'e that the 
certain identification of a few cholesterol crystals and minute 
amount of the characteristic pigment is as significant as the findings 
of large quantities of each. 

This report is based upon the data obtained in patients with gall 
bladder disease, all of whom came to operation. In Chart I are 
given the findings as reported from gall bladder drainage and chole- 
cystography. 

Chaiit I. — Diagnosis or Stones Based on the Roentgen and Drainage Fi.voings : 

Stones Present 21, Stones Absent 9. 

Pre-operative Diagnosis. 

Bite ^ R'lf' 

Roentgen ray. drainage. Roentgen ray. drainage. 

10 stones 17 2* stones 1*" 

2 uncertain 3 / no stones 8 

9 no stones 1 

* A case in whicli pigment alone was found in the drainage following a severe 
attack of biliary colic. 

The advantage of microscopic study of biliary drainage fluid, over 
c])o]ecystograph 3 ' in tlie diagnosis of stones lies in the fact that the 
experienced microscopist can find definitely formed elements which 
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even in minute quantities indicate the presence of calculi, while 
the roentgenologist is dependent upon a contrast in shadows in the 
gall bladder area. Obviously, the Roentgen ' criteria are subject 
to more disturbing variables than the microscopic ones. We do 
not "wish to imply that by non-surgical drainage stones are invariably 
diagnosed. One case _(S. T.) in the series, which did yield a small 
but definite “B” fraction, failed to show either crystals or pigment 
in the bile, yet stones were found at operation. Like many other 
laboratory tests a positive result may be accepted with greater 
certainty than a negative one. Persistence and care are required 
even by the very experienced microscopist. Examination of the 
sediment after centrifugalization should always be made before 
the specimen is to be considered negative and it is of great import- 
ance that the material be examined shortly after it is obtained. 

Diagnostic drainage is of value in cases of common duct stone 
after cholecystectomy, We^ have previously recorded such a case 
and in this series there is another such instance. 

_ Case Abstract, I. C,, female, aged 55, had a cholecystectomy in 1927. 
Six years later she suffered a recurrence of attacks of epigastric pain, nausea 
and vormting. There was no jaundice. ChbleC 3 ’'stography (fid not yield 
any additional information. In the bile obtained by non-surgical drainage 
numerous cluirips of typical pigment were found. In the absence of jaun- 
dice, a diagnosis of stone in the duct could be made from this finding in the 
bile. At operation, a bullet-shaped black stone was found in the common 
duct measuring about 1 cm. in length and 0.5 cm. in (fiameter. 

Of particular interest in this series has been the availability of 
the chemical data obtained by the analysis of the bile removed from 
the gall bladder at operation. As a result of the studies by Ravdin, 
Johnston, Riegel and Morrison,*"® on the fate of the various liver 
bile constituents in the healthy and diseased gall bladders, criteria 
are at hand by which the disturbed gall bladder physiology can be 
measured. 

Bavdin^^ and his associates have studied in detail the changes 
produced in the normal gall bladder in the bile constituents brought 
to it from the liver and have shown how the various stages of gall 
bladder disease effect these changes. While significant alterations 
may be produced in all the bile constituents, it was f()und that in 
general the concentration of chlorid and bile salts gives definite 
indication of the state of gall bladder function. 

Compared wdth the chemical data obtained from an analysis of 
the gall bladder removed at operation, biliary drainage and chole- 
cj’’stography suffer equally in their attempt to measure gall bladder 
function. This analysis was made on 21 of the 30 cases in this 
'series (Chart II). With a normally functioning gall bladder, 
chlorid is rapidly absorbed' from the liver bile brought to the gall 
bladder, the mean concentration being about 10 milli-equivalents 
per liter. Bile salts, on the other hand, are concentrated, so that 
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normal gall bladder bile contains approximately 200 milli-eqnivalents 
per liter. Damage to the gall bladder may result merely in a retarda- 
tion of the rates of absorption and concentration, or, in severe 
damage, in an actual reversal of the normal process so the substances 


Chart II.- — The Comparison of Choeecystoghaphy, Bile Drainage, and 
Analyses of Bile Odtained at Operation, avith Operative Findings. 


Bile drainage. | Cholecystography. Bile chemistry. 


Case. 

G.B. ; 
function. 

(Crys- 

tals. 

Pig- 

ment. 

G.B. 

function. 

1 

F.P. 

Cystic duct 
obs. non-funct.i 

— 


Not stated j 

1 

B.W. 

Normal ! 

PiIS. 

Pos. 

Impaired 

F. G. 

Non-function ! 

Poh. 

Po3. 

Non-function 

H. A. 

Partial i 

PfIS 

Pos. 

Partial 

M.L. 

Cystic duct 
obs. non-funct; 

— 

— 

? 

F.S. 

Non-function . 

— 

Pos. 

? 

S.T. 

Good 1 

— 

— 

Partial 

F F 

Poor 

P(n. 

Pos. 

Poor 

M. B. 

Poor 1 

— 

— 

Normal 

M. Br. 

Non-function ' 

Pnyt. 

Pos. 

Partial 

E.F. 

Partial i 

Po.. 

Pos. 

Normal 

P.K. 

Poor , 

P.w. 



Non-function 

T. S. 

Non-function 
Normal 1 

POS. 

Pos. 

Non-function 

M.L. 

Pli^. 

Pos. 

Not stated 

E. 0. 

Normal , 

Pos. 

— 

Normal 

H. H. 

Cystic duet 
obs. non-funct 


• — 

Partial 

M. F. 

Normal 

— 

— 

Normal 

M. S. 

Poor ; 


— 

Poor 

L.W. 

Non-function , 


Pos. 

Non-function 

M. A. 

Normal 


— Partial ' 

L.M. 

Partial 



Partial ' 


Stones. 

1 M.eq/L 

Cl. 

I M. cq/L 

1 B. salts. 

i Operation. 

Pos. : 

1 

126 8 

1 None 

1 Cyst, duct obs. stones. 

j 

? 

90.3 

1 22.0 

! Black bile; stones. 

1 

119.8 

14.0 

1 Stones. 

Pos. 

No sample 

1 51.0 

1 Stones. 

— ; 

134.2 

1 Pink 

! Hydrops; stones. 



111.6 

I Yellow 

1 

j Colorlciw B.; stones. 

— ! 

58.7 1 

Faint blue 

' Black bile stonc-s. 

Pos. ' 

70.7 1 

, 33.0 

1 Distcnd.G. B.; stones. 

— 

54 0 

t 47.0 

j G. B. thickened. 

Pos. ‘ 

37 S j 

27.0 

1 Stones. 

Pos. . 

59 8 1 

42.0 

i Stone. 

? 

56 0 i 

69.0 

' Stones. 

Pos. 1 

44.8 1 

23.0 

[ Stones. 

Pos. ' 

53.3 ; 

2.0 

Stones. 


61.5 

70.0 

' Dark bile; .stones. 

Pos. ; 

120.0 j 

Faint blue 

Hydrops; stone. 

i 

No sample [ 

Red 

! Dark bile; no stones. 

— 

No sample i 

71.0 

‘ No stones. 

— 

No sample 

Red 

Stones. 

pos. 

41 0 ' 

134 U 

No stones. 


115 9 1 

7.0 

No stones. 


Chart III. — Data Obtained Where Drainage or Cholecystographic Studies 
I Indicated Normal Function. 


Gall bladder function by' bile cliemiatry. 


Case. 

Drainage. 

1 Roentgen 
rny. 

! Cblorid.* 

j 

1 

1 Bile salts.* 

j at operation. 

1 

( 

B.W. 

1 

1 Normal 

Impaired 

90.3 

22.0 

! 

Black bile; stones. 

M. B. 

i Poor 

Normal 

54.0 

1 47.0 

G. B. thickened. 

E. F. 

i Impaired 

Normal 1 

59.8 

42.0 

Stone. 

M. L. 

i Normal 

Not stated 

53.3 

i 2.0 

Stones. 

E. D. 

Normal 1 

Normal 

61.5 

1 70.0 i 

' Dark bile; stones. 

M. F. 

1 Normal 

Normal 


: Red 

j Dark bile; no stones. 

M. A. 

Normal | 

i Impaired 

1 41.0 

I 134 1 

No stones. 

S. T. 

■ Good 1 

Partial 

58.7 

j Faint blue } 
i 

Black bile; stones. 


* Milli-equivalents per liter. 


hitherto absorbed are poured into the bile, while substances that 
are normally concentrated are absorbed. These changes in the. 
above two constituents result in an increasing concentration of 
chlorid and in a decreasing concentration of bile salts in progressive 
gall bladder disease. In all the gall bladder biles studied in this 
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series, there were definite evidences of gall bladder disease. In 13 
of the 21, where the bile was studied by drainage a normal “B” 
traction was not obtained and the cholecystographie studies also 
disclosed evidence of impaired concentration or emptying. But in 8 
cases,^ drainage or cholecystography, or both, indicated a normally 
functioning gall bladder (Chart III). This is of interest because 
it shows the weakness of both methods in yielding criteria that 
definitely establish the normality of gall bladder function. The 
same criticism applies here as is directed at the attempt to measure 
liver function by a single functional test. The microscopy of the 
bile as obtained during drainage, has the advantage over the Roent- 
gen ray, of permitting an examination of the bile crystallography 
and cellular debris. It would appear from a study of the ehemistry 
of the gall bladder bile, that changes in concentration of the bile 
constituents may occur while the water-absorbing mechanism is 
sufficiently retained to produce adequate concentration of the dye 
in cholescystography, or concentration of the bile pigment to yield 
a so-called normal “B” fraction by drainage. 

From a comparison of the non-surgical biliary drainage of Lyon 
and cholecystography, it has been our experience that the former is, 
as a rule, more effective in the diagnosis of gall stones. From the 
chemical data, it is obvious that a certain diagnosis of a normally 
functioning gall bladder can be had from neither procedure. One 
must remember that normal function of a gall bladder as measured 
by our present laboratory procedures pre-operatively does not pre- 
clude the presence of stones. In only 2 instances did both methods 
indicate a normal gall bladder. Patently, then, from the standpoint 
of the laboratory, a combined study of the bile, the result of non- 
surgical drainage and cholecystography, offers the most refined 
pre-operative diagnosis for gall bladder disease at present. Should 
it become possible to apply the data obtained from the chemistry 
of the recovered bile during non-surgical biliary drainage pre- 
operatively, we should then have the “open Sesame” to the diagnosis 
and understanding of gall bladder disease. 
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Experience of the last few years has demonstrated that indi- 
vidual attacks of migraine headache can ordinarily be aborted b}^ 
the use of ergotamin tartrate.^ In the experience of two of us, the 
parenteral administration of the drug has stopped the initial head- 
ache treated in 90% of the patients.^ In most of these patients 
headaches were severe and unaffected by the usual sedative drugs. 
The important question arises whether ergotamin tartrate is of 
specific value in migraine. If specific, an understanding of its 
action should shed light on the mechanism producing migraine 
headaches. If not specific, ergotamin tartrate should prove a 
headache panacea. 

The literature is of jittle assistance. Traiitmann^ states that 
non-migrainous headaches are not helped by ergotamin but pre- 
sents no detailed evidence. In this communication we present 
data Avhich we have collected during the past 2 years. 

* This investigation was aided by a grant from the Josiah Macy, Jr., Foundation. 
The ergotamin tartrate (Gynergen) used was supplied by the Sandoz Company. 
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Materials and Methods. Our classification of migraine headaches 
has been a liberal one; recurring headaches with two or more of 
the satellite symptoms of hemicrania, family history, nausea and 
vomiting, visual aura, vasomotor sjmiptoms, and failure of relief 
bj^ ordinary means. 

The non-migrainous headaches were those to be encountered on 
a neurologic serAuce. Patients with psychoneurosis w'ere excluded. 
Headaches were associated with the following conditions, namelj^, 
8 patients with aseptic meningitis, of whom 7 had had subarachnoid 
injection pf air, and 1 a subarachnoid hemorrhage; 6 patients with 
increased intracranial pressure, of w'hom 5 had brain tumor atad 
1 subdural hematoma; 7 patients vuth subnormal intracranial pres- 
sure following removal of spinal fluid; 8 patients with postcommlsive 
headache; 1 with sinusitis; 11 in whom the cause of the headache 
was not ascertained, and 5 in whom the headache v'as artificially 
induced bj’’ means of histamin phosphate injected intravenously. 
In the last named group the following procedure was used. Suffi- 
cient histamin to produce headache (0.1 to 0.2 cc. of a 1 to 1000 
solution) was injected intravenously and the severity and duration 
(only a minute or two) of the resulting headache noted. After an 
interAml of 20 or more minutes, ergotamin tartrate (0.25 to 0.5 mg.) 
was injected and 20 to 45 minutes later the preAuous dose of histamin 
was repeated. 

Ergotamin tartrate was given to these patients in the same manner 
as to patients with migraine, namely, 0.5 mg. intraA^enously or 
subcutaneously. Besides the patient’s statement of the efi’ect on 
the pain, record was kept of the occurrence of nausea and vomiting, 
and of changes in blood pressure and pulse rate. 

Results. The effect on the headache in these 46 patients, and 
comparison with the effect on the group of 120 migraine patients 
reported bj”^ two of us- was as follows: 

Percentage with headache. 

No. of / ^ ; rn ' 

patients. Stopped, bnclianped. \% orse. 

Non-migrainous patients . . 46 15 63 22 

Migraine patients .... 120^ S9 8 3 

There is thus a sharp contrast in the therapeutic effect in the 
two groups of patients. Ergotamin caused complete relief of 
headache in 89% of migraine, patients and in only 15% of the 
other group; it made the existing headache worse in 3% of the 
migrainous and in 22% of the non-migrainous group. ^ This differ- 
ence in degree Avould seem to constitute a difference in kind. By 
and large, ergotamin helps only ])aticnts with migraine. 

Study of the results in the various conditions i-epresented in the 
non-migrainous group show.s that, of the 7 jjatients relieved, 3 were 
in the group of 11 headaches of unknown cause (2/% jelief) and 
3 AA^ere in the group of 8 posteonA-ulsiA'c headaches (3/% iclief). 
The large proportion of epileptic patients avIio were relieved brings ' 
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to uiind the supposed underljdng relationship of e])ilepsy and 
migraine, though more important maj'- be the fact that postconvul- 
sive headaches are naturally short lived. If our investigation had 
been carried on in a medical ward with “ordinary” spontaneous 
headaches, probably the percentage of cases relieved would have 
been higher than the observed 15% (though of the 10 subjects 
made worse by the injection, 5 . belonged to this same unknown 
group, and 2 to the postseizure group). In none of the 5 cases 
given histainin did ergotamin lessen the severity or duration of the 
resulting headache. 

Not only is ergotamin of little account in stopping non-migraine 
headaches, it may, according to Barger,^ initiate a headache. To 
test this point we administered the drug to 38 subjects who were 
at the time free of pain in the head. Six (16%) of the subjects 
complained of resulting mild headache. 

Aside from its effect on headache, the most prominent sequelae 
of ergotamin administration are nausea and vomiting. The com- 
parative incidence of gastric symptoms in the three groups of 


subjects was as follows: 

Number. 

I’ercentaKe liaviuc 

NauBoa. Vomitinp. 

Without headache .... 

... 38 

47 

18 

Non-migrainous headache . . ■ 

... 40 

50 

37 

Migraine 

... 89 

77 

00 


The epigastric discomfort of some of the subjects was too indefi- 
nite to be called nausea. Vomiting, when it occurred, was an objec- 
tive symptom and in the headache groups bore some direct relation- 
ship to the proportion experiencing relief. However, in individual 
cases, there was no constant relationship belween relief of headache 
and the presence of gastric symptoms. 

Blood, pressure and pulse rates were not recorded in all cases. 
As in migraine patients, the majority of patients with other tjqies 
of headache or with none, had an increase in sj’^stolic blood pressure 
and a decrease in pulse rate, but changes in pressure and in pulse 
rate did not seem to be related to the therapeutic effect of the drug. 

Comment. Quinin is called a specific against malaria, though it 
does not invariably stop malarial paroxysms and though it may 
favorably affect non-malarial fever. In the same sense, ergotamin 
tartrate may be spoken of as a specific for the relief of migraine 
headache. It evidently interrupts the morbid process which results 
in pain in the head, chilliness and malaise. 

What is this morbid process? Beginning with Trautmann,''’ various 
authors have spoken rather glibly of an antagonistic effect of 
ergotamin on overactivity of the sympathetic nervous system. 
This might be conceived of as a release of. spasm of cerebral vessels 
or as a direct action on sensory nerve endings. It is^ true that 
injection of ergotamin tartrate is followed by an increase in cerebro- 
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spinal fluid/ in systemic blood pressure and in cerebral blood flow/ 
but none of these changes seems sufficient in itself to explain 
the relief afforded. 

It is possible that there is abnormal behavior of bloodvessels of 
the -dura mater which does not show in records of total cerebral 
blood flow or of intracranial pressure, and that ergotamin might 
influence the dural vessels or the nerves which carry impulses from 
them. Evidence in favor of this view is the observation of Pool 
and Nason^ that ergotamin in cats caused constriction of arterioles 
of the skin and dura, but not those of the pia. Pickering® believes 
that the severe throbbing headache which follows histamin injection 
arises in the bloodvessels in the dura, for removal of the Gasserian 
ganglion on one side anesthetizes the dura and prevents the appear- 
ance of histamin headache on that side. Less convincing is the 
clinical evidence of. Dickerson,® who “cured” hemicrania by ligation 
of the middle meningeal artery on the side affected, and of Penfield,'® 
who secured relief for 2 migraine patients by section of the oph- 
thalmic flbers of the Gasserian root, the chief nerve supply to the 
dura (after superior sympathectomy had failed). 

The evidence gained from our own ex-perience has not supported 
the hjTpothesis of ergotamin as a paralyzer of the sympathetic 
nervous system. One patient had had interruption of accessible 
sympathetic pathways without relief of pain; yet ergotamin stopped 
her individual attacks. One of us” has observed that relief of 
migraine headache by ergotamin is not attended by alteration of 
sympathetic activity as judged by measurements of the electrical 
resistance of the skin. 

If Pickering is correct in his belief that histamin headache arises 
in the vessels of the dura and if this is the point of origin of migraine 
headache, ergotamin tartrate should be effective in preventing or 
modifying histamin headache. It failed to do this in the cases 
tested by us, and by Pickering (personal communication). As a 
further test we injected histamin into 4 migraine patients whose 
attack had just been aborted by ergotamin. In every case a char- 
acteristic throbbing, short-lived histamin headache occurred. 

Summary. Ergotamin tartrate is about 90% effective in aborting 
individual migraine headaches. The drug was injected into 46 
patients having a non-raigrainous headache; 15% were relieved; 
63% were unrelieved, and 22% were made worse. Of 38 persons 
without headache who were given the drug, 16% developed a 

headache. .... 

Nausea and vomiting occurred less frequently in persons having 
a non-migrainous headache or none, but in individual cases the 
effect of ergotamin on headache could not be related directlj to 

the presence of gastric symptoms. ^ _ _ 

In 4 migraine patients relieved of headache by ergotamin, injec- 
tion of histamin produced the usual histamin headache. 
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Ergotamin tartrate has a specific action in headaches of the 
migraine tjqDe. The evidence at hand indicates that the action is 
not directly on sensory nerve endings in the dura or skull, but that 
there is an intermediate systemic action. 
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The purpose of this report is to present an analytical study of 
the conditions associated Avith an increased urinary output ol tlie 
sex hormones (prolan A and prolan B), Avith special reference to 
teratoma testis. Emphasis is placed on the clinical A'alue of these 
biologic hormone assays. 

The results presented in this study are based upon over 500 
completed tests necessitating about 15,000 accurately spaced and 
measured intrap eritoneal injections into approximately 3000 mice. 

* Published with the permission of the Medical Director of the A’^etemns' Admin- 
istration, who assumes no responsibility for the opinions expressed or the conclusions 
drawn by the writers. 
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The Aschheim-Zoiidek reaction is now widely used in tlie diagnosis 
of pregnancy. Recently, howcA'^er, the principles of this assay have 
been applied as a diagnostic aid in teratoma testis. Single case 
reports showing excessive urinary prolan output associated with 
teratoma testis exist in the literature: Heidrich and Fels,^ ICantro- 
witz/ Lilienthal/ Pachkis/ Hady,® Bollag,® Weinstein and Schofield,^ 
and Johnson and Hall.® Reports of series of cases have been 
presented by Zondek,® Ferguson,^® Stelle,ii Owen,'® Herger and ' 
Thibaudeau,^® and bj”^ Cutler and O^ven.^^ 

Technical Consideration. Qualitative determination of the sex 
hormones in the urine, other body fluids, or extracts as applied in 
the diagnosis of pregnancy consist of injecting such fluids into 
suitable test animals and at a later date examining the sex organs 
for changes. Aschheim'® employed immature female mice, Fried- 
man*® used non-pregnant rabbits, Brouha et aW’ suggested male 
mice, while Curtis and Doisy*® use adult oophorectomized or imma- 
tme female rats. Recently ICanter et al.^^ reported a small fish, the 
bitterling (Rhodens amarus) as a suitable test object. 

Tabu: 1. — The Rabbit-Mouse Cohrebation Vaues Indicating the Limitations 
OF the Rabbit Test for Teratoma Testis. 


Case. Rabbit test. Mouse test. 

A ■ Negative 500 

B Negative 200 

C Questionable 2,000 

D Negative 2,000 

E Negative 1,000 

F Negative 500 

G Positive > 2,500 

H Positive. 16,000 


Rabbit tests in this series all by single intravenous injections of 10 co. of fresh 
urine. The mouse test results are stated in mouse units per liter of urine; 200 or 
above mouse units constitute a positive indication of teratoma testis. 

To provide comparative results it is essential to have an assay 
capable of giving quantitative findings. The single rabbit test is 
but a qualitative assay. Since the majority of urines from patients 
with teratoma assay less than 2000 mouse units per liter, the usual 
rabbit test employing a single injection of 10 cc. or less of urine 
would be negatiAT, as has been shoA\m in this laboratory (Owen and 
Cutler®®). Results obtained' in this laboratory show the fish test 
to be inaccurate and similar findings are reported by Kleiner et al.-'^ 
and by Szusz.=® The immature female mouse is a serAuceable test 
animal, as has been shoAAm by Ferguson,*® Owen,*® and others. 
Approximate comparison dosage ratios for the ATrious test animals 
liaA'e been determined. For the prolans and other Avater-soluble 
endocrins of like nature the dosages vary in proportion to the 
animal weight Awth the exception of fish. 

A complete description of the assay procedure used in this study 
is given by Cutler and Owen.** Essentially such assay emploA’s 
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6 immature female mice. By means of appropriate extracts a 
dosage range of 0.5 to 10 cc. of urine is obtained. Due to the 
double effect of follicle stimulation and luetinization, the readings 
of the test give the following quantitative determinations of the 
prolans in mouse units per liter of urine: 100, 200, 400, 500, 1000, 
2000, 2500, 5000 and 10,000. 

We have found that morning urines from, teratoma- patients are 
apt to contain more hormone per liter than do samples from the 
24-hour outputs. Davy and Nason^^ have noted similar findings 
for the urine from pregnant women. Since the total amount of 
hormone actually excreted varies but slowly, it is necessary to 
obtain the volume of the 24-hour-output and to use a fractional 
part of this for assay purposes whenever possible. With this 
information calculation of the total daily output of hormone is 
facilitated and errors in the amount of hormone per liter of urine 
are avoided. 


Table 2. — Sho-\ving the Dosage Ratio in Mouse Units fob the Various 
Ladoratary Test Animals Commonly Used. 


Subject Mouse units 

employed. for positive. Reference source. 

Mouse . 1 

Rat 10 Le-wis and Geschikter. 

Rat 3 Gardner ci al. 

Rabbit 22 Owen. 

Fish, male . . .... 4 to 10 Calculated from Kanter ct al. 

Fish, female 8 to 16 Calculated from Kanter el al. 


Spoilage or decomposition of the urine does not seem to affect 
the hormone materially, but such urines are apt to be toxic to 
the laboratory animals. A suitable preservative should be em- 
ployed. The specimens mailed to the laboratory contain 1 drop 
of tricresol in 2 ounces of urine. 

Conditions Associated With Increased Urinary Prolan Output. 
Conditions other than pregnancy and teratoma have been associated 
with an increased urinary prolan output. Chorionepithelioma in 
the female as well as in the male is usually accompanied by excessive 
amounts of urinary prolan (Fortner and Owen'*) . Hirsch-Hoffman*^ 
reported 3 cases of cerebral tumors and a case of acromegaly in 
females showing positive prolan findings. Kraus-'"’ cites Biedl and 
Morgetay-Becht as finding positive prolan assaj-s in two-thirds of 
the acromegaly cases studied. He also reported 19 of 29 cases of 
elevated intracranial pressure as showing a positive urinary prolan 
test. ZisermaiF^ lists hyperthyroidism and other conditions in the 
female as liable to give false positive pregnancy tests. Zondek-® 
cites castration as showing occasional false positives. Castration 
either by surgerx' or by. Boentgen rays may cause false positive 
reactions and, although prolan A (follicle stimulating liormone) 
may be present, the urines of castrates arc said not to contain 
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prolan B (the luteinizing factor). Dodds-“ states that castration 
results in an increase in the amount of anterior pituitary hormone 
in the patient’s blood.' He also cites 4 instances of pituitary gland 
tumors as giving negative assay findings. Ehrhardt^o lists Vapidl}^ 
proliferating tumors as myoma, carcinoma and genital hypoplasia 
as giving false positive pregnancy test. Maser and Hoffman^* 
state that compensatory pituitary hj'perfunction accompanying 
sexual deficiencies may give rise to false positive pregnancy tests. 

In spite of so many possible interfering conditions, it is generally 
accepted that the usual Aschheim-Zondek reaction gives above 90% 
correct findings in the diagnosis of pregnancy (Aschheim,i= Dodds, 
Weisner^- and others). 

Table 3. — Displaying the Prolan A Findings in Non-teratoxiatous Patients. 
The Assays Are Given in Mouse Units Per Liter or Urine. 


Quantitative assays. 


Cases. 

Diagnosis. 

Negative. 

100. 

200. 

400. 500. 

6 . . 

. Cyst, testis 

11 

1 

2 

1 

2 . . 

. Luetic 

4 




1 . . 

Myxosarcoma 

2 




1 . . 

Granuloma 

2 

2 


1 

1 . . 

. Lymphosarcoma 

1 




1 . . 

. Ca. prostate 

1 




1 .• . 

. Pseudomy.xoma 

5 

. , 

1 


2 . . 

. Pituitary dysfunction 

2 


' 


1 . . 

. Gj'necomastia 

2 




S . . 

. Epididymitis 

7 

1 

3 


1 . . 

. Lymphoma 

1 




4 . . 

Mixed tumor, parotid gland 

. S 




1 . . 

. Squamous cell, keratinizing 

2 




1 . . 

. Paraffinoma 

2 




1 . . 

Sacrococcygeal teratoma 

3 




29 


53 

4 

6 

1 1 


All positive tests were obtained on 4 cases: 1 cyst, 1 granuloma, 1 pseudomyxoma, 
1 epididymitis. Serial checks on 3 of these cases gave consistent positive assays. 

jMany of the conditions which may interfere with the inter- 
pretation of the reaction occur in females; consequently, the possi- 
bility of false positive is minimized in males. The control series at 
this laboratory and others include over 500 negative assa.^’s on urines 
from normal males and from patients suffering with benign lesions 
of the testis (Cutler and Owen“). 

The assay as planned approaches closely the findings associated 
with normal urines and it may be expected that incorrect positives 
will only be avoided by conservatism in interpretation of the results. 
Occasional false positives in the higher range mouse dosages were 
expected. It became necessary to qualify the interpretation, viz., 
unless the 2 mice receiving the highest dosages are positive the 
test is questioned and repeated at a later date. One quantitatively 
low positive assay of itself is not wholly indicatix e of teratoma, 
but if a series of tests are positive and the quantitative results show 
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. an increase in liormonej then the diagnostic value of the test is rarely 
to be questioned. 

Results. In 71 cases later proven histologically to be teratoma, 
the findings in 340 tests ranged from negative (less than 100 mouse 
units per liter of urine) to 125,000 mouse units per liter of urine in 
a case of chorionepithelioma testis. Omitting 2 cases of chorion- 
epithelioma testis the average finding was approximately 950 mouse 
units per liter of urine. Of the 71 cases of known teratoma, 69 
showed one or more of the follovnng conditions: a drop in the 
urinary prolan excretion following irradiation or surgery, an in- 
creased output on series tests, or tests consistently above 200 mouse 
units per liter of urine. Two patients with ho pre-operative prolan 
test showed a negative postoperative prolan assay. Of the 69 cases, 
37 showed an increased prolan finding on series tests, 51 displayed 
a drop in urinary prolan following irradiation or surgery; 26 showed 
tests consistently above 200 mouse units per liter of urine. In 
17 instances following irradiation and/or surgery the test dropped 
to negative, while in 39 cases the post-treatment prolan dropped 
to 200 or less mouse units of prolan per liter of urine. In 
7 instances irradiation therapy failed to cause a drop in prolan 
excretion. In 6 cases coming to autopsy the findings have verified 
the prediction of widespread metastases as indicated by the excessive 
prolan output, previous to death. 

•On 29 patients with pathologic conditions other than teratoma 
located in the testes 64 tests revealed 3 instances of false positives. 
These false positives occurred in 1 instance each of cyst, epididy- 
mitis and granuloma. All 3 cases had previous orchidectomies, 
thus the findings may lie due to the partial castration. The per- 
centage of false positives is less than 10. 

Of 25 other cases now in process of diagnosis, clarification reveals 
16 are definitely negative and 9 have positive assays ranging from 
200 to 50,000 mouse units of prolan per liter of urine. 

A majority of our cases have had orchidectomies at other ho.spitals 
previous to their admission here for treatment; yet the prolan 
assay usually decreases following the irradiation therapy, demon- 
strating that the test might be used as a means of detecting metas- 
tases as well as the original teratomas. 

Comment. The assay of urinary prolans in cases of teratoma 
testis adds a practical diagnostic aid to the armamentarium of the 
laboratory. Since irradiation of such tumors is followed by a 
decrease in the urinary prolans in the majority of cases, the effective- 
ness of treatment may also be judged. The test thus serves as a 
guide in the diagnosis, prognosis and treatment of teratoma testis. 

False negatives or false positives have occurred in less than 
10% of the assays in this series, indicating that the assay as planned 
and conducted is as suitable a diagnostic aid for teratoma as the 
original less quantitative Aschheim-Zondek reaction is for the diag- 
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nosis of pregnancy. By careful interpretation and serial tests it is 
possible to increase the accuracy of the assay as a diagnostic aid. 

The routine use of the bioassay at this hospital has demonstrated 
its practical value. Oyer 125 suspected teratoma testis cases have 
benefited by the findings of the test. The laboratory now serves 
as a testing center for the various Veterans’ Administration Facilities 
as well as for the patients hospitalized here. A mailing service for 
specimens has been instituted to aid in the follow-up of discharged 
patients. 

Summary. 1. Quantitative determinations of the urinary prolans 
in 125 cases of suspected teratoma testis have been made. 

2. In general^ patients suffering with teratoma testis excrete 
more than 100 mouse units of the prolans per liter of urine. 

3. False negatives, or false positives occur in less than 10% of 
the cases; thus the test is as accurate as the usual laboratory test. 

4. A review of other conditions reported to be associated with 
excessive urinary prolan output is presented. 

5. Original teratomas, local recurrence or metastases are asso- 
ciated with increasing prolan findings as displayed by serial assays. 

6. A marked diminution in the prolan output usually follows 
irradiation or surgery. 

The authors desire to express their appreciation to Dr. L. H. Prince, Pathologist, 
and to Dr. T. G. MacDougall, Urologist, for the aid given in conducting this study. 
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SPONTANEOUS PNEUMOTHORAX SIMULATING ACUTE 
ABDOMINAL AFFECTIONS. 

Bt’ Frederick Steigmann, M.D., 

INSTRUCTOR IN MEDICINE AND ASSOCIATE ATTENDING PHYSICIAN, 

AND 

Harry A. Singer, M.D., 

ASSOCIATE PROFESSOR OF MEDICINE AND ATTENDING PHYSICIAN, COOK COUNTY 

HOSPITAL, CHICAGO, ILL. 

(From the University of Illinois College of Medicine and the Cook County Hospital, 

Chicago, 111.) 

Simulation of acute abdominal disease of a surgical nature by 
thoracic affections with referred pain is a matter of more or less 
common knowledge. The close resemblance at times between lobar 
pneumonia, acute fibrinous pleuritis, coronary thrombosis, acute 
fibrinous pericarditis and the “acute surgical abdomen” is empha- 
sized in practically every text. The same can be said regarding les- 
ions of the spine and spinal nerves as osteomyelitis of the thoracic 
vertebrte, intercostal neuralgia, etc. Other affections of the chest, 
such as acute cardiac decompensation (producing presumably sudden 
hepatic engorgement), ruptured or dissecting thoracic aneurysm, 
pulmonary infarct, acute mediastinitis and spontaneous rupture of 
the esophagus although infrequently mentioned are also almost 
universally recognized as mimics of primary abdominal disease. 

Spontaneous pneumothorax masquerading as an abdominal 
affection is apparently regarded as extremely rare by or is not 
known to most writers, since it is generally omitted in treatises 
dealing with abdominal and thoracic diagnosis. No reference to 
pneumothorax simulating the “acute abdomen” can be found in 
any of the many excellent American texts or systems of surgery. 
The same is true of continental handbooks. In only one English 
publication, by Adams,^ is pneumothorax mentioned among the 
intrathoracic affections which are capable of producing the picture 
of an acute abdominal illness. Adams does not, however, cite any 
specific example. A careful survey of the medical periodical litera- 
ture leads to the disclosure of only 4 reports, each of which contains 
the description of one instance of spontaneous pneumothorax where 
the erroneous diagnosis of primary abdominal disease was made. 
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^ There is reason to believe that the incidence of pneumothorax 
siniulating the “acute surgical abdomen” is not as low as the litera- 
ture seems to indicate. The wniters have personally observed in a 
relatively short period of time, 3 characteristic examples (2 in a 
large, general hospital and a third in private practice) —the explan- 
ation for this rather unique experience lying probably in the fre- 
quency with which they resort to the Roentgen ray. In all ques- 
tionable or atypical abdominal cases, the fluoroscope supplemented 
at times by plates is emploj'^ed as part of the routine examination. 
It is not unlikely that without the aid of the Roentgen-ray the cor- 
rect diagnosis of pneumothorax might not have been established in 
some of our cases and the presence of non-existent abdominal disease 
assumed. Since so few actual instances of pneumothorax simulating 
acute abdominal affections are recorded, it is deemed advisable 
to summarize those published by others and to describe briefly the 
ones observed by ourselves. 


Summary of Cases Reported by Others. , 1. Sfe6?ier’s= Case. A man, 
aged 32, experienced extremely severe sudden epigastric pain, occurring 
while_ riding to work. The pain which radiated to the left shoulder was 
associated with nausea. Upon admission the patient appeared to be in 
“shock.” The temperature was 99.5° F. and the pulse 100 per minute. 
Respirations were shallow and onlj”^ slightly accelerated. The heart and 
lungs were normal except for slight decrease of the breath sounds at the left 
base. The abdomen was boardlike, retracted and very tender. The liver 
dullness was not obtained with certainty. The diagnosis of. perforated 
peptic ulcer was made and an immediate operation performed. No lesion 
of the stomach or other abdominal structure was discerned. The following 
day, the first signs of a left pneumothorax were elicited. Eight days later 
a Roentgen ray revealed a complete left pneumothorax. The patient passed 
through an uneventful convalescence, and at the end of the third week, only 
a small amount of air and fluid remained in the left pleural cavity. The 
sputum was persistently negative for tubercle bacilli. The patient has 
been well since. 

2. Beardsley’s^ Case. A young man of 26, while in a tuberculosis ward, 
was suddenly seized b 3 '' severe, knifelike abdominal pain. Two hours after 
the onset the author found the patient sitting in bed with his head bent 
forward between his knees, groaning with pain and covered with cold 
perspiration. At first the pain was localized and was situated to the left 
of the umbilicus biit later spread to involve the entire left abdomen. The 
temperature was subnormal, the pulse 140 per minute, and the respirations 
only slightly accelerated. One hour after administration of -1 gi-ain of 
morphin, the patient was comparatively free from pain unless moveinent 
occurred. The abdomen was distended, rigid and tender. A diagnosis of 
perforated tuberculous ulcer was made but the patient’s condition did not 
permit surgical intervention. Except for an increase of the abdominal dis- 
tention, the patient continued vuth the same sjunptoms and signs for 2 da 3 ’^s 
following -which he died. At no time was d 3 ’spnea present. At autopsy, 
although there were many tuberculous ulcers present in the intestine, none 
had perforated and no peritonitis w’as found. There -^vas, however, a left 
sided pneumothorax which was the onty lesion to account for the abdominal 


s 3 TOptoms.^^ oad Skillcn’s^ Case. A -woman aged 25, developed during the 
fourth month of her stay in a tuberculosis hospital, intense epigastric pain. 
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a severe cliUl, fever of 103° F., a pulse rate of 125 and a respii-atory rate 
of 28 per niinute. The pain was so violent that even morpliin gave but 
little relief, and at onset was associated Avith nausea and vomiting. The 
following day the emesis recurred and the pain persisted. No noticeable 
dyspnea or cough was present. For the next 5 days there was only a slight 
change in the patient’s condition. The pain in the epigastrium continued 
and was accompanied by occasional slight pains in the left chest. Two 
days later, extreme hyperresonance was found over the lower left chest and 
a Roentgen ray showed a collapsed left lung. The patient recovered from 
the pneumothorax. 

4. Hurxthal’s^ Case. A man of 29 had suffered for 2 to 3 years from 
epigastric discomfort occurring 2 hours or so after meals. The pain was 
relieved by the ingestion of food and also soda. On June 30, 1928, ivliile 
attempting to unloosen a seat of his automobile, he experienced a sharp pain 
in his right shoulder. He took to bed and obtained some relief. After a 
few_ hours of bed-rest the patient attempted to drive his car, whereupon 
an increase of the shoulder pain occurred and dyspnea and abdominal pain 
appeared. Upon entrance to the hospital, the patient appeared quite ill. 
The breathing, however, was not labored but there was appreciable cyanosis. 
The pulse was tliready, the rate 120 per minute and the blood pressure was 
80 systolic and 70 diastolic. The abdomen was rigid and painful to pressure, 
especially in the epigastrium and in the right upper quadrant. These 
observations together with the presence of abdominal pain and a typical 
chronic ulcer history suggested the diagnosis of perforated peptic ulcer. 
However, when the chest was carefully examined it was found that the right 
side was larger and exhibited less respiratory mobility than the left and 
that over the right chest there was hyperresonance except at the base pos- 
teriorly where there was shifting flatness with absence of fremitus and breath 
sounds. The acute illness was then attributed to a right pneumothorax, 
the chronic ulcer sj ndrome apparentl}^ being unrelated. 

Authors’ Case Reports. Case 1. M. S., a white male of 50, while 
about to drive a golf ball on June 9, 1929, was suddenly seized vith right 
upper abdominal jiain which lasted a few minutes and then ceased spon- 
taneously. He then walked about 200 yards when he experienced a recur- 
rence of the abdominal pain which per.sisted and became associated with 
distressful and labored respirations. After a brief period, he was able with 
assistance to walk back to the club-house and there while dressing he 
became dizzy and vomited a huge quantity of gastric contents. Following 
morphin, the patient was transported home. The abdominal pain and 
dj^spnea continued and in addition he vomited 3 times. A phj’^sician who 
saw the patient at his house diagnosed a perforated ulcer. When seen b}" 
one of us (H. A. S.) a few hours after onset of his illness, the patient was 
suffering from severe upper abdominal pain and respiratory embarrassment. 
The abdomen was slightly distended and moderatelj’’ rigid and tender 
especially over the right upper quadrant. The pulse and respirations were 
accelerated but the temperature was normal. A perforated ulcer seemed 
plausible. 

Close observation of the markedly emphysematous chest elicited that on 
the right side the respiratory excursion was somewhat limited and that the 
breath sounds were diminished as compared to the left. There were a few 
moist and many dry rales throughout both lung fields. A historj' of a long- 
standing bronchitis and bronchiectasis was obtained. There had been no 
lirevious digestive complaints to suggest ulcer. A diagnosis of right pneu- 
mothorax due to a ruptured emplij’^sematous bleb was made and conserva- 
tive treatment ad^used. The marked tenderness over the right upper quad- 
rant was ascribed to engorgement of the liver which organ was indistinctly 
felt below the costal border. The following da 3 '^ the patient’s temperature 
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rose to 102° P. and the physical evidences of a pneumothorax became mani- 
fest. A Roentgen ray showed abnormal clarity of the affected side and 
retraction of the lung characteristic of pneumothorax. No fluid was present 
in the chest cavity. After 12 days the patient recovered from the pneumo- 
thorax. 

C,A.SE 2. C. Z.', a man of 37 entered the Cook County Hospital on 
December 17, 1932 with the following history. On December 11, he con- 
tracted a “chest cold," manifested by thoracic pain, cough and expectora- 
tion, on which account he remained in bed. During the early morning 
hoiurs of pecember 16, the patient was suddenly seized with a very severe, 
sharp pain in the upper abdomen which caused him to roll about, cry out 
and moan. The pain seemed to compress his abdominal contents and to 
shut off his breath. After several minutes, the pain ceased spontaneously 
but returned in about 20 minutes, yomiting occurred once at the onset. 
The abdominal pain recurred at intervals throughout the night. The 
patient stated that he felt the least pain while he sat upright with his thighs 
flexed on the abdomen. During the day of December 16, there were per- 
sistent soreness in the upper abdomen and vomiting. There was nothing 
in the past history -prior to the onset of the "chest cold” to suggest tuber- 
culosis. 

At the time of admission he appeared acutely iU and coughed frequently. 
The ptdse rate was 82, the temperature 98° F. and the respirations 24 per 
minute. The two sides of the chest moved equally on deep breathing. 
Over the inferior portion of the right chest the resonance was impaired 
and the breath and voice sounds greatly diminished. The heart was essen- 
tially normal. The abdomen was full in the upper half where both rigidity 
and tenderness were present. Peristaltic sounds were diminished. The 
liver edge was felt two fingers below the costal margin. The blood picture 
was normal except for indications of a secondary anemia. The two physi- 
ciaEB who examined the patient shortly after admission were unable to 
decide whether the abdominal pain was due to a perforated peptic ulcer 
or to a basal pleuritis. llflien called upon to attempt the differentiation, 
the authors fluoroscoped the patient and observed a partial pneumothorax 
on the right side. A roentgenogram taken the following day (Fig. 1) 
revealed a greater accumulation of air oh the right side and e^udence of an 
old fibro-calcareous tuberculosis on the left. The patient recovered slowly 
from the acute episode. 

Case 3. D. W., a man of 37, entered the Cook County Hospital on 
June 28, 1930, vith the histo^ that 6 hours pre^^iously he was awakened 
by nausea followed by vomiting. Immediately after the emesis he felt a 
severe, lancinating pain in the epigastrium which radiated around and 
upward to the interscapular region of the back. The pain continued severe 
and even two hypodermic injections of morphin failed to afford relief. The 
patient preferred the sitting to the recumbent position. Vomiting recurred 
3 times. Inquiry into the past history elicited the information that the 
patient had experienced occasional post-prandial epigastric burning relieved 
by food and soda. No information was obtained which was suggestive of 
past or present tuberculosis. 

The ph 3 '^sical examination disclosed an acuteb' ill wliite male with a tem- 
perature of 99° F., a blood pressure of 170 S 3 ''stolic and 120 diastolic, and 
pulse and respiratory rates of 120 and 48 respectively. The tactile fremitus, 
breath sounds and resonance were found diminished on the left side from 
the angle of the scapula downward. The abdomen was flat, markedly 
tender and rigid in the upper quadrants. The liver dullness was apppently 
unchanged. Peristaltic sounds were greatlj’- diminished. The white cell 
count was 18,000. 

Opinions as to the diagnosis varied. 'While the advisability of laparotomy 



Pig. 1. — Valvular pneumothorax which clinically simulated an acute abdominal 
affection (authors’ case reports, No. 2). The depression of the diaphragm by dis- 
placing the liver downward resulted in the presence of tenderness and resistance in 
the right hypochondrium. Adhesions prevent complete collapse of the right lung 
and displacement of the mediastinum to the left. The lower border of the right 
lung is indicated by arrows. Fibro-calcareous, tuberculous markings are observed 
in the left lung field. 
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Avas being discussed, tlie patient Avas fluoro.scoped and a rather v.el! dew-l- 
oped left hydropneiimothorax demonstrated. Nothing further could be 
determined since the patient died 4 hours after entrance and permission for 
necropsy AA^as refused. 

Comrnent. A stiidj^ of the foregoing case histories leads to tJic 
realization of the difficulty one may encounter in distinguisliing a 
sudden pneumothorax from an acute surgical abdomen. In the first 
place the clinical picture of rupture of the lung may be chiefly an 
abdominal one. Intense abdominal pain, nausea and vomiting, 
associated Avith tenderness and rigidity Aidiich AA'^ere present in the 
cases recorded, constitute a syndrome AAdiich generally demands 
immediate laparotomy. Particularly is attention likely to be 
focussed on the abdomen AAffien a history of previous gastro-intestinal 
disturbance is obtained, as in 4 of the 8 cases revicAved. In the 
second place, thoracic symptoms such as occur characteristicalh' 
in pneumothorax are frequently obserAmd in acute surgical affections 
of the abdomen. For instance, the occurrence of sudden pain follow- 
ing Auolent exertion, the reference or radiation of pain to the shoulder 
region, dyspnea, collapse, and the assumption of the sitting position 
AAUth the legs draAAm upAA^ard all are commonly met Avith in perforated 
peptic ulcer. 

The error of regarding a sudden pneumothorax as an abdominal 
lesion can almost inA^ariably be avoided. A careful chest examina- 
tion of each patient Avith an atypical picture of abdominal disease 
Avill eliminate a large percent&ge of mistaken diagnoses. Unfortu- 
nately, onh^ too frequently when the symptoms point to an affection 
Avithin the abdomen the chest is examined in a perfunctory manner 
or cA^en neglected altogether. A certain amount of skill in physical 
diagnosis is often a prerequisite for the correct interpretation of the 
underlying disease. It is true that an adA'^anced pneumothorax 
Avith almost complete collapse of the lung does not require a Aurtuoso 
but Avhen the pneumothorax is partial it may elude the most expert. 
Close attention to the abdominal signs may reA^eal the tenderness 
to be merely hyperesthesia and the muscular rigidity to be only 
apparent and not continuous. HoAv^eA'^er, here again some experience 
and skill on the part of examiner is indispensable. Of particular 
A^alue in directing the attention of the physician to the possibility 
of a pneumothorax is the history of preAUous pulmonary disease 
especially tuberculosis. 

For the detection of an unrecognized pneumothorax, the Roentgen 
ray is of extreme importance. When the symptomatology is 
atypical and the physical signs are difficult to elicit, it is likely that 
only a small percentage of the instances of pneumothorax are dis- 
covered by clinical means. The use of the fluoroscope may suffice 
to demonstrate the pulmonary collapse but not infrequently proves 
inadequate. . A limited collection of free air may be difficult to 
identifA’^ unless fluid is simultaneously present in the chest caA itA . 
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TJie resulting fluid level is then readily observed in the fluoroscope 
and can be made to shift with change in position of the patient. 
However, the escape of fluid may not occur until late in the course 
of illness or not at all. It is therefore, necessary in questionable 
cases to take plates. The exposure is best made at the height of 
forced expiration in which state the pneumothorax is rendered most 
apparent. Since sudden pneumothorax tends to simulate most 
closely ruptured peptic ulcer, the Hoentgen ra5'- examination serves 
a double purpose. The Roentgen ray is capable of demonstrating 
the presence or absence not only of a pneumothorax but also that 
of a pneumoperitoneum. Fluoroscopic examination is quite suffi- 
cient to detect free intraperitoneal air and requires only a few mo- 
ments. The value of the Roentgen ray in the diagnosis of perforated 
peptic ulcer, including details of the technique, uiterpretation, etc., 
has been discussed elsewhere (Vaughan and Singer^).* 

Summary. Sudden pneumothorax simulating an acute surgical 
affection of the abdomen is not a particularly rare occurrence. 
Three instances have been encountered by the authors. The danger 
of mistaking spontaneous pneumothorax for a surgical emergency 
can usually be avoided if the possibility of sudden rupture of the 
lung is included in the diagnostic considerations. The mere thought 
of pneumothorax will not always suffice as slight or partial pneumo- 
thorax is likely to elude the average examiner. The most effective 
means of avoiding error is by resort to the Roentgen ray. Fluoro- 
scopy alone may be adequate, especially if a hydropneumothorax 
is piesent when a shifting fluid level may be visualized. In many 
instances however, plates are indispensable for demonstration of 
the escaped air. The pneumothorax is rendered most apparent 
when the exposure of the film is made at the height of expiration. 

* .Since the time this article was submitted for publication, the following report 
has appeared in print; Joress, M. H.: Spontaneous Pneumothorax (Rupture of 
the Lung) with Abdominal Symptoms in the Course of Artificial Pneumothora.x — 
A Report of Two Cases, Am. Rev. Tuberc., 33, 98, 1930. The diagnosis in both 
instances was rendered less difficult than usual due to the knowledge of a pree-xistent 
pulmonary' tuberculosis. 
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A METHOD FOR DETERMINING THE SEDIMENTATION RATE 
AND RED CELL VOLUME IN INFANTS AND CHILDREN 
’WITH THE USE OF CAPILLARY BLOOD. 

By Carl H. Smith, M.D., 

ASSOCIATE IN CLINICAIi PEDIATRICS, CORNELD UNIVERSITY MEDICAL COLLEGE; 

ASSISTANT ATTENDING PEDIATRICIAN, NEW YORK HOSPITAL, 
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(li’rom the New York Hospital and the Department of Pediatrics, Cornell University 
Medical College, New York City.) 

The majority of methods designed for the determination of the 
sedimentation rate of the red blood cells depends upon the use of 
venous blood. While the large quantities of blood obtained in this 
way simplify the manipulation of the test, practical difficulties 
are encountered when venipuncture is attempted in infants and 
young children. This is particularly'^ evident when repetition of 
the test at short intervals is required. In rheumatic disease, for 
example, in which the determination of the sedimentation rate is 
utilized as a guide to the progress of the condition, the distress of 
the young patient which accompanies venipuncture often restricts 
the number of tests that should be carried out for comparati\e 
purposes. 

A large number of micromethods, in which capillary blood is 
employed, has, therefore, been devised in order to overcome these 
obvious disadvantages, with results ap proximatin g those of macro- 
methods. There are several considerations, howevei7tvhich Jiave 
interfered with their more widespread use. The employment of 
minute quantities of blood often requires considerable dexterity 
and practice. The tendency to clot formation, due to delayed or 
insufficient admixture with the anticoagulant, results in irregu- 
larity of the sedimenting column. An additional factor responsible 
for discrepancy in results with the two types of tests is the influence 
of capillarity exerted within the lumen of the narrow tube or pipette, 
in vdheh the rate of sedimentation is measured, which constitutes 
.an integral part of a micromethod. Another inadequacy is that 
there is usually no provision for estimating the corpuscular volume 
percentage, an important factor with rapid rates of sedimentation. 

The introduction of another sedimentation .tube, in spite of the 
multiplicity of methods that already exists, therefore seems justified. 
The purpose of this paper is to present a practical, simplified and 
reasonably accurate method for estimating the sedimentation rate 
with the use of capillary blood, which, however, embodies the basic 
specifications and features of a standard venipuncture method. In 
a series of observations Avith the blood of infants and children, the 
test with few exceptions has proven of definite value as an addi- 
tional guide in supervising the illness and convalescence of the sick 
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cliild. _ Unexplained results liai-'e at times been obtained, but the 
same situation occurs Avith any laboratoiy procedure., 

No attempt will be made to revieAV in detail the vast literature 
concerning the theoretic basis for changes in the suspension stability 
of blood. It is generally agreed that a rapid rate of sedimentation 
during the course of infection depends upon an increase of the 
plasma fibrinogen and globulin with which disease processes are 
associated. The effect of variations in electric charges on agglu- 
tination of erythrocytes is doubtless a fundamental contributing 
factor.! But of more practical importance is the provision that the 
size and number of the red cells fall Avithin certain limits, since a 
rapid sedimentation rate occurs in anemic states independent of 
infection. 


Techmque. The tube that has been specially designed represents a 
modification of the features of the Cutler micro-^ and macromethods’ and 
of the Wintrobe tube^ used Avith small quantities of blood. It constitutes 
in effect a, macrosedimentation tube of reduced dimensions rather than a 
microsedimentatiqn tube of the type in current use since the latter implies 
apparatus possessing a capillary bore and requiring a single drop of blood. 
The tube described in this paper (Kg. Ic)* Avff], hoAvever, be referred to as 
one for microsedimentation since it utilizes capilla:y blood as contrasted 
Avith macrotubes in which venous blood is examined. Its diameter is 
approximately 2.5 mm., which corresponds to the mioimum requirement 
for the micromethod.’'® It is graduated like the Cutler tube into 50-mm. 
diAUsions Avith a capacity Avithin the measured area of less than 0.25 cc. of 
blood. Above this zone, the tube is tridened into a small cup, the rim of 
which serves to guide the stem of the pipette A\ith which the blood is 
transferred from the collecting tube. This feature also facilitates cleansing. 

■ A variety of anticoagulants have been used in sedhnentation tests. 
Although heparin, which is regarded as the ideal substance, ^ was utilized 
for comparative tests in this study, a solution of 5% sodium citrate was 
ultimatelyadopted because of its availability and its nominal cost. Other' 
concentrations of sodium citrate, as well as mixtures of oxalates, have been 
suggested by various Avriters. It was obserA'^ed, however, that the results 
Avith the use of a minimal and measured quantity of 5% sodium citrate 
compared favorablj'^ Avith those of macromethods. Westergren® pointed 
out that the sedimentation rate Avith 3.8% sodium citrate used in his test 
differed to a slight degree only from that Avith the 5% solution. 

The sedimentation test Avith the use of finger blood, described by Cutler,’ 
involved the use of a pipette whose bore and stem dimensions were similar , 
to those of the tube employed in tliis study. A primary difficulty Avith the 
Cutler micromethod, however, rose from its dependence upon traces of 
sodium citrate solution adhering to the walls of a small storage tube to 
prevent the blood from'clotting. In addition, considerable technical skill 
and dexterity were required in order to retain the measured specimen Avithm 
the stem of the pipette until a spring attachment could be applied in order 


to seal off the bottom. ^ r j • 

A special pipette (Kg. la) was, therefore, designed for draAimg up 
capillary blood similar to the one employed for hemoglobin determinations 
bA-^^ the Sahli method. Tavo graduations are present, one at 0.04 cc., the 
o4er at 0 1 cc., the latter representing the total cahbrated capacity of 


* The complete apparatus required for the test may bo obtained from B. Machlett 
& Son, 220 East 2.3rd Street, New York City. 
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the pipette.^ The pipette is sufficiently long so that capillarity is main- 
tained within it. This feature is of particular importance so that blood 
alreadj'’ withdrawn is not lost in the event of sudden movement of the 
child. 

The first step in the procedure is to moisten the inside of the entire 
pipette by dravdng 5% sodium citrate throughout its length several times 
and eventually discarding all but 0.04 cc., which is the first graduation on 



Fig. 1. — A, Pipette for measuring the citrate solution and for collectint: blood; 
B, pipette with bulb for transferring citrated blood to, C, Sedimentation tube. 


the pipette. The latter quantity is expelled into the bottom of an ordinary' 
test tube and is sufficient to prevent the coagulation of 0.3 cc. of blood. 
Blood for the test is obtained by puncture of the finger tip of the child, or 
of the heel in the instance of the young infant. The puncture site is care- 
fully prepared and a sharj) needle is used', or preferablj', an automatic 
lancet, since the latter secures a free flow of blood which is an essential 
prerequisite for accuracy of the test. Moderate pressure of the finger tip or 
heel in order to secure a complete specimen did not interfere v.nth the test. 
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Blood IS Mathdrawn (0.3 cc.) by 3 consecutive aspirations of 0.1 cc. \vith 
the pipette, using rubber tubingjfor suction as for a blood count. As each 
0.1 cc. of blood is collected, it is transferred to the test tube and shaken 
■\dgorously to secure thorough admixture with the sodium citrate solution. 
Following the expulsion of the second 0.1 cc. some of the citrated blood is 
sucked up the pipette throughout its length and then returned to the test 
tube. After the addition of the final 0.1-cc. fraction of blood, the tube is 
corked, and the contents are thoroughly admixed once more. The test 
may be performed at once or may be postponed for several hours. Should 
the specimen clot TOthin the test tube, it is due to inadequate finger punc- 
ture, the preliminary introduction of less than 0.04 cc. of citrate solution, 
or to failure to agitate the blood thoroughly so as to secure complete inter- 
action with the anticoagulant. 

_ The citrated blood is transferred to the sedimentation tube by means of a- 
sirnple capilla^ or Wright pipette with an attached rubber bulb (Fig. 1&). 
This type of pipette is, readily prepared in the office or laboratory from ordi- 
nary soft glass tubing, and is of sufficient vodth to receive the small rubber 
bulb in common use. The capillary portion must be adequate to reach the 
bottom of the sedimentation tube. The latter is filled by the gradual release 
of -the citrated blood by gentle pressure on the bulb as the pipette is slowly 
withdrawn from the bottom of the tube until the uppermost “0” mark is 
reached. Any excess above this graduation is easily removed ndth the same 
pipette. The tube is placed in a rack and the rate of sedimentation is 
recorded. All tests were carried out at room temperature. 

The time at which the readings are made vary with many observers. The 
“corrected sedimentation index” of Rourke and Ernstene,® which incorpo- 
rates the most desirable refinements of the teclmique, requires the measure- 
ment of the rate dmring the phase of most constant sedimentation, distinct 
from the preliminary period of er^hrocytic aggregation and the final one 
of packing. This method necessitates readings at periodic intervals, the 
plotting of a curve and subsequent correction for anemia, "'ftfith the Cutler 
graphic technique^ the level of the sedimenting column is recorded at 
5-minute intervals for 1 hour. From these determinations, 4 types of 


graphs are constructed, each corresponding to a different degree of cellular 
destruction accompanying infection. 

In order to simplify the test and to render it suitable for routine clinical 
use, the plan adopted in this stud 3 ’^ was to record the level of the upper 
laj'er of the sedimenting erythrocytes at the end of ^ hour and l hour. The 
two readings furnish an approximate idea of the velocity vdth wliich the 
red cells settle, although practically and for comparative purposes the single 
observation after 1 hour was sufficient. _ _ _ _ 

Cleaning the tube was readilj’’ accomplished with the capillary pipette 
premously employed for transferring the citrated blood from the storage test 
tube to the sedimentation tube. Water was forced through to the bottom 
of the sedimentation tube several times by firm pressure on the bulb of the 
pipette until the return flow was clear. Alcohol and ether in turn were 
introduced and the tube was removed by forcible shaking. 

In order to determine the efficiencj'^ of the microsedimentation tube 
described in this paper, comparison was made vith a standard method 
using venous blood. The Cutler technique was chosen because of the 
similarity in the height and subdi\isions of the graduated portion of both 


tubes. 


Comparative tests (102) wrnre carried out with the blood of 
84 infants and children ranging in age from' 12 days to 14 jmars, of 
whom 43 were sick and 41 healthy. For the macromethod 0.1 cc. 
of 3% sodium citrate solution and 0.9 cc. of blood obtained by veni- 
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puncture were mixed and expelled from the syringe into a Cutler 
tube of 1-cc. capacity graduated into 50-mm. divisions. In 9.5 
instances, comparative tests with Cutler and raicrosedimentation 


Table 1. — Comparison of Sedimentation Eates With Capillary and Venols 
Blood in Normal Infants and Children. 


i 

Case 

No. 

! 

[ 

Patient. 

Age. j 

1 

Yr. 1 

Mo. 

1 

K. A. .. 

s 


2 

. 1 . B. . • ■ 

3 

6 

3 

B. B. . • 

7 


4 

H. B. 


5 

5 

E. B. 

4/ 


6 

G. C. 

7 


7 

X. C. 

12 


S 

W. E. 


ii 

9 

m. F. 

S 1 


10 

T. F. 



11 

J. F. 

1 

13 

12 

F. F. 

8 


13 

E. F. 

10 

6 

14 

m. G. 

2 1 

10 

15 

H. G. 

f' 


16 

I. H. 

i 

6 

17 

E. H. 

6>' 


IS 

M. H. 

, . 

is 

19 

E. H, 



20 

K. K. 

10 

6 

21 

A. L. 

9 


22 

W. Mad. 

5 

8 

23 

D. M. 

7 


24 

A. M. 

12 

. , 

25 

A. N. 

9 


26 

.1. McQ. 

11 

6 

27 

E. M. 

2 


28 

G. M. 

14 


29 

F. M. 

.. 

17 

30 

E. I>. 


22 

31 

B. P. 

i2t 


32 

T. E. 

6’- 


33 

F. E. 

11 

6 

34 

G. E. 

9 


35 

M. E. 

12 


36 

G.E. 

11 


37 

.1. E. 

10 


38 

H. S. 

8 


39 

F. S. 

9 


40 

E. T. 

8 


41 

J. v. 


3 

42 

E. Z. - 


7 


! Cell voluinr; 
Sedimentation rate. | percentage 

I anticoagulant 


Date. 


4/ 0;3,5 
11/ 1/34 
2/19/3.5 
2/22/35 
5/21/35 
10/ 9/34 
3/21/35 
2/11/35 
2/16/35 
12/ 2/34 
10/25/34 
3/ 7/35 
2/14/35 
10/30/34 
3/ 9/35 
11/20/34 
1/27/35 
2/ 5/35 
12/14/34 
12/20/31 
11/ 5/31 
4/30/35 
10/11/34 
2/ 7/35 
6/20/35 
3/20/35 
2/23/35 
10/13/31 
1/ 7/35 
6/ S/35 
5/14/35 
3/12/35 
1/16/35 
2/21/35 
1/29/35 
11/13/34 
5/23/35 
4/ 6/35 
6/22/35 


11/27/31 
12/ 4/31 
1/2S/35 
10/10/31 


Venous blood. 
Cutler method. 

C.apillary blood, 
author's blood. 

'i-i 

a 

O' 

pH 

O I' 

•-'5 

30 min., 
mm. 

1 hr., 
mm. 

30 min., 
mm. 

1 hr., 
mm. 

2 

7 

2 

8 . 

45 

37 

6 

11.5 

6 

12 

42 

31 

2.5 

6 

3 

7 

42 

36 

2.5 

7 

2.5 

6 

45 5 

42 

6 

12 

6 

12 

43 

36 

6 

10.0 

7.5 

12 

45 

40 

2 

6 

3 

6 

42,5 

36 

4 

10 

4 

10 

41 .5 

32 

5 

9 

5 

10 

42 

35 

5 

8 

5.5 

9 

44 

^5 

4 

8 

6 

11 

43 

39 

7 

12 

6 

12 

44 

35 

5 

10 

6 

11 

44 

38 

3 

8 

6 

10.5 

45.5 

40 

3 

7 

3 

8 

42.5 

36 

5 

H 

7 

12 

40 

33 

3 

9.5 

4 

10 

43 

39 

4 

7 

4 

8 

43 

36 

5 

11 

5 

11 

37 5 

34 

4 

9 

2 

10 

.37.5 

31 

1.5 

6.5 

1.5 

6 0 

13 

36 

2 

6 

2 

6 

44.5 

39 

2 

8 

2 

9 

44 

36 

2 

5 

1.5 

4 

42 

36 

6 

12 

7 

13 

41 

32 

1 

3 

1 

3 

46 . 5 

3S 

2 

6 

0 

6 

43.5 

36 

2 

6 

2.5 

6 

42 

35 

7 

12 

7 

12 

38 

32 

3 

10 

4 

12 

41 

31 

5 

10 

5 

11 

40 

31 


9.5 

5 

10 

42 

31 

4 

10 

2.5 

6 

58 

SO 

4 

7 

4 

7 

51 

44 

4 

9 

6.5 

10 

47 

38 

1 

4 

1 

3 

47 

3,S 

4 

7 

5 

8 

42 

37 

4 

8 

3 

7 

44 

37 

s 

13 

8 

13 

41 

35 

4 

9 

4 

9 

•14.0 

.36.5 

7 

11 

7 

11 

47 

3S 

o 

.S.5 

5 

10 

42 

31 

4.0 

9 

4 

10 

44 

36 

o 

7 

4 

9 

43 

34 

4 

10.5 

5 

' n 

36 

30 


* Week-s. 


t Days. 


tubes were carried outin,which heparin* ivas .substituted for sodium 
citrate solutions. In addition, 128 microsedimentation tests vere 
carried out without comparison with the macromethod, except that 

* A solution of heparin was prepared by dissolving 50 mg. in 2 cc. of distilled 
water. One drop dried in a test tube was sufficient for inhibiting coagulation of at 
least 0.3 cc. of capillary blood for the niicrosedinicntntion test, and 3 drops for 1 cc. 
of venous blood for the Cutler tube. 
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a duplicate microsedimentation test was performed with heparin 
as an anticoagulant. 

The purpose of the tests with heparin was to compare the sedi- 
mentation rates as well as cell volume percentages after centrifuging, 
with values for citrated blood. Since heparin as anticoagulant does 
not hasten or retard the sedimentation rate as occurs with the sodium 
citrate and the other salt anticoagulants/ the results were of A^alue 
from a comparative standpoint. At the termination of each sedi- 


Table 2, Sumriart of Results Comparing Sedimentation Rates by Capillary 
AND Venous Blood Methods. 




, 

i 

- 

1 

Sedimentation rate. 

Method. 

No. 

cases. 

1 

1 No. 
j tests. 

1 

I 

) 



30 min., mm. 

1 hr., mm. 

of blood. 

i 

! 

Anticoagulant. 

Average. ' 

of 

cr 

s 

u 

Average. 

c/ 

B 

03 

»« 

H 

1. A''orma/ Croup. 
Microsedimentation . 

1 

42 

( 

i 

45 

i 

: Finger* 

5% sodium citrate 

4.3 

1- 8 

0.1 

3-13 

Cvitler 

42 

45 

I Vein 

3% sodium citrate 

3.9 

1- S 

8.6 

4-13 

Microsedimentation . 

3S 

40 

' Finger 

Heparin 

5.5 1 

1-13 

12.0 

3-21 

Cutler 

38 

40 

Vein 

Heparin 

4.7 

0-13 

10.1 

3-21 

Suvmary of tnicrosedi- 








^neniation iestsf . 

60 

72 



4.2 

1- 8 

9.1 

3-13 

2. Pathologic Group. 









Microsedimentation . 

43 

57 

Finger 

5% sodium citrate 

15.1 

3-33 

20.8 

S-35 

Cutler 

43 

57 

Vein 

3% sodium citrate 

14.6 

3-34 

20.6 

8-35 

Microsedimentation . 

43 

55 

Finger 

Heparin 

15.2 

3-32 

22.2 

11-33 

Cutler 

43 j 

oo 

i 

Vein 

Heparin 

15.8 

1.5-32 

22.2 

9-33 


* Bloo:l wns obtained from the heel in very youn? infants. 

t These teats were performed according to the technique described in the text the use of 
capillary blood after treatment with 5% sodium citrate. 


mentation test the tubes with heparinized and citrated blood were 
centrifuged at a speed of 2500 revolutions per minute for 30 minutes. 
The number of millimeters of packed cells multiplied by 2 con- 
stituted the cell volume percentage. The latter Amlues with heparin 
were on the average 7.5% higher than with sodium citrate (Table 3), 
diie to the fact that the former expresses the results with whole 
blood whereas the latter is derived from that of a diluted specimen 
(0.4 to 0.3 cc. of blood). Furtliermore, the erythroeytes undergo 
shrinkage with sodium citrate aiid other inorganic salts as contrasted 
with heparin which does not affect them. 

A total of 240 microsedimentation tests were performed with 
sodium citrate as anticoagulant. ^Mierever possible, also, hemo- 
globin and red cell determinations were carried out simultaneously 
with the sedimentation tests. 

Results. In Tables 1 and 2 the readings at §- and 1-hour periods 
are presented. The close correspondence in the results uitli the 
capillary and venous blood is at once apparent. As noted, in 
45 tests with the blood of normal children ranging in age from 
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12 days to 1^ yeai's, tlie average sedimentation rate at the end of 
•| liour was 4.3 mm. with the micromethod and 3.9 mm. with the 
macromethod. At the end of 1 hour the rate was 9.1 mm. with the 
former and 8.6 min. with the latter. The 1-hour values fell within 
the range usually stated for the Cutler venipuncture method for 
normal adults. l\hen the results of 27 additional microsedimenta- 
tion tests with the blood of normal children were averaged with the 
46 tests aheady noted, the rate for the finger-blood method for 
5 hour was 4.2 imn. and for 1 hour 9.1 mm., with respective ranges 
of 1 to 8 mm. and 3 to 13 mm. 

_ In 57 tests of the pathologic group with children of a similar age 
distribution, the average reading for the |-hour period was 15.1 mm. 
with the micromethod as compared with 14.6 mm. with the macro- 
method. At the end of 1 hour the sedimentation rate with the 
former method was 20.8 mm. as compared with 20.6 mm. for the 
latter. The rates were slightly more rapid with the use of the 
microtube. It is significant, however that the differences were slight. 
The tendency of the 5% sodium citrate solution acting as an anti- 
coagulant for finger blood to produce a slightly slower sedimentation 
rate than that Avith the Aveaker solution used for A^enous blood is 
counteracted by the more rapid settling of erythrocytes that occurs 
within the narrov'er microtube than in the Avider Cutler tube. 

Van Antwerp's obserA’^ation^® that successive sedimentation tests 
in children were subject to Avide variations without apparent cause 
was not borne out in the present study. It will be noted in Table 1 
that in the 3 children with whose blood, tests were repeated at 
interAmls ranging from 5 to 9 days, the rates obtained Avere almost 
identical. In 8 additional instances with the blood of normal 
children not included in this table, successh^e microsedimentation 
tests . carried out over a period from 2 days to 2 months reA’ealed 
a maximum difference at the end of 30 minutes and 1 hour of 
3 mm., this usually following the longest time intervals. In 26 
determinations with the blood of sick children, repetition of the test 
within a period of a week, yielded surprisingly similar results unless 
the condition had undergone obvious clinical alteration. In this 
group, the average difference in rates obtained in successiA'e tests 
was less than 2 mm. in hour and less than 1 mm. in 1 hour, the 
most uniform results being observed at the latter reading. In many 
instances duplicate estimations were carried out with successiA'e 
specimens of blood from the same finger prick, with resulting 
readings that varied Avithin a fraction of a millimeter. The dis- 
crepancies noted by Van Antwerp may possibly be accounted for 
by Amriations in the cell Amlume in repeated determinations or by 
changes in the status of the patient not in evidence clinically. 
Exact agreement between sedimentation rates cA’en in the normal 
individual oAmr interAmls of 24 hours or more cannot ahA'ays be 
expected. While progresshm cellular destruction i,s expressed in 
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the wider fluctuations with which erythr'ocjfles settle out of plasma, 
minor variations may reflect subtler aberrations in the ordinary 
physiologic mechanisms. 

The close agreement in the rates of consecutive estimations 
emphasizes the reliability of the microsedimentation tests described 
in this study. In Table 2 a summary of the comparative sedimen- 
tation tests are presented in which the influence of heparin and 
sodium citrate are contrasted. The more rapid settling that occurs 
with heparin confirms the observations of Rourke and Plass,^ who 
found that this substance does not affect the sedimentation of 
erythrocytes, whereas solutions of the inorganic anticoagulants 
serve to slow the reaction. For the relatively short tubes employed 
in this study, sodium citrate is preferable to heparin, since the 
greater distances traversed by the red cells of blood treated with 
the latter substance cause confusion at times in the interpretation 
of results in the case of normal individuals. Heparin constitutes 
an ideal anticoagulant, however, for use with longer sedimenta- 
tion tubes where the larger sedimented layers are more readilj" 
comparable. 

A fundamental consideration in the evaluation of the test is the 
influence of the concentration of hemoglobin, erjdhrocjdes and the" 
cell volume percentage of the latter upon the sedimentation rate. 
That an inverse ratio exists between the rate of settling of the cells 
and their number has been pointed out by many investigators. The 
more rapid rate of settling in a blood vdth fewer red cells is exempli- 
fied in instances of indi^^duals with anemia whose sedimentation 
rates are comparable to those of patients with severe infections but 
who possess a normal complement of erythrocytes. Since the test 
was designed to indicate the degree of existing infection and tissue 
damage, attention has been directed toward means of correcting 
the sedimentation rate for fluctuations in the content of erythro- 
cytes. The many procedures that have been proposed have for 
their purpose the transposition of the final sedimentation rate in 
terms of blood containing either a normal number or a normal 
volume percentage of erythrocytes.'’- ® 

The methods range from a preliminary adjustment of the blood 
sample so as to obtain a red cell count of 5,000,000 per c.mm.,-'’ to 
■the correction with the aid of a chart for a normal cell volume after 
recording the rate of settling during short intervals so as to deter- 
mine the period at which it takes place most rapidly.® Wintrobe 
and Landsberg’s method*’ is simplified in that a single reading at 
the end of 1 hour is corrected for a normal volume of packed red 
cells* 

While it is doubtless true that the correction for the concentration 
and volume percentage of erytlirocytes is justified because it elimi- 
nates an important factor leading to equivocal interpretation, 
nevertheless objections have been raised at attempts for refinements 
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of the test. In the first place, a moderate reduction of the red cells 
is a frequent accompaniment of most infectious processes. Since 
these two factors move in close association tlu-oughout the course 
of an illness, it has been emphasized^^ that the uncorrected sedimen- 
tation rate constitutes an accurate index of the stage of pathologic 
activity and clinical status of the patient. This is true in the 
majority of instancies, although it is not uncommon for the anemia 
to outrun the infection. 

In addition, methods for correction are usually not interchange- 
able because of the lack of uniformity of sedimentation tubes, anti- 
coagulants and technique. Wintrobe and Landsberg,'’ for example, 
showed that sedimentation proceeded more rapidly in a longer tube 
than in the shorter one. Thus, the red cells settle more rapidly 
in the iOO-mm. tubes employed by Rourke and Ernstene,® and 
Wintrobe^ than in the 50-mm. Cutler tube or in the one described 
in this paper. It is usually necessaiy, therefore, to determine a. 
method for corrc-tion adapted for each tjqie of test. Hubbard and 
Geiger*^” have also pointed out the difficulty of establishing an 
average normal sedimentation rate to serve as a basis for comparison 
because of the differences that exist in the speed of settling in blood 
specimens whoso cellular constituents are numerically identical. 
\rhe test, furthermore, finds its greatest usefulness not in the 
information deri\'ed from a 'single determination but by periodic 
repetition when It serves as a guide to the progress of infection. 
Fluctuations in erythrocytic content during short intervals are 
usually not sufficiently pronounced to alter the sedimentation rate 
as are the changes in the pathologic condition. Because of these 
considerations, many writers maintain that the sedimentation test 
serves its best purpose as a laboratory procedure simple of perfor- 
mance, and that correction only limits its availability for routine 
clinical use. 

The drawback of introducing refinements which complicate the 
test cannot be (ienied. As a practical measure, however, it would 
seem best to carry out the test according to a prescribed method, 
but whenever possible to take cognizance of the erythrocyte content 
of the blood, especially where the rate departs markedly from the 
normal. This information may be obtained by determining the 
red cell count or the relative cell volume of the blood at the time 
of the test. Of the two, the estimat ion of the cel l volume percentage 
is more significant, since this constitutes a combined measurement 
of the number of cells together with their size. 

In the course of this investigation, it appeared important to 
compare the cell volume percentages in the normal with those of the 
-pathologic group at the time of the sedimentation tests. ^ The object 
was to observe to what extent anemia was associated with infection. 
The pathologic conditions were the common ones occurring in chil- 
dren and included in the main rheumatic disease, pneumonia. 
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cliildliood tuberculosis and upper respiratory infections. Blood 
dyscrasias Avere excluded. 

As already stated, sedimentation tests Avere carried out not alone 
Avitb 5% sodium citrate solution recommended for the microsedimen- 
tation tube described in this study, but also Avith heparin as anti- 
coagulant. The reason for the higher A'olume percentage of packed 
cells with heparinized blood than AA’ith the sample treated -with 
citrate has already been discussed. It may be noted in Table 3 
that the packed cell Amlume in the group of normal children ranged 
from 36 td 49% in the heparinized blood and from 30 to 40% 
in the citrated blood. In the pathologic group the limits AA'^ere 
31.5 to 48% A\nth heparinized blood and 26 to 42% wnth the citrated 
blood. In the pathologic group a hematocrit A^alue of 36% and 


Table 3. — Summary op Cell A'olu.me Percentages. 



1 


i 

1 

Anticoagulant. 


Ase. 

Ko. 

cases. 

No. 

teatfl. 1 

Heparin, %. 

1 

1 5% sodium citrate, %. 


1 


Average. 

Extremes. 

Average. 

Extremes. 

1. Normal Group. 

11 mos.*-14 yrs. 

i 

1 

54 

1 

08 1 

1 

i 

1 43 ■ 

36.0-49 

i 

1 35.8 

1 

) 

1 30-40 

j 

2. PaOiologic Group. 

11 mos.*-131 yrs. 

1 66 

1 

162 

41 

1 

[ 31.5-48 

33.5 

26-12 


* The observations below this age level were few in number and were omitted to 
facilitate comparison between the two groups. 


oA'er (lower leAml of the normal group) occurred in 93.8% of the 
heparinized blood specimens, and a Amlue of 30% and OAmr (lower 
level of the normal group) in 95% of the citrated bloods. It appears, 
therefore, that in the small unselected group of children Avith a 
variety of disease conditions, the erj’throcjTic concentrations as 
judged by the cell Amlume fell in the majority of instances within 
the range obserAmd in the comparable normal group. ^ Of course, 
the extremes for each group are subject to the modifications of 
larger series of cases and A\4th the inclusion of more prolonged and 
a greater variety of infections. 

The diA'ersity of normal standards for cell volume percentages 
reported in the literature has added to the difficulty of designating 
an arbitrary value in terms of which correction is to be effected. 
The differences arise from the use of anticoagulants that cause 
changes in the osmotic pressure of the blood, the element of dilution, 
and the variation of the time and speed of centrifugation. _ In a 
recent investigation, for example, Osgood and Baker’" found with the 
use of oxalated venous blood that the cell volume percentage in 215 
tests in normal children, between the ages of 4 and 13 years, ranged 
between 28.76 to 46.51 %, with an average of 36 cc. of packed cells 
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per 100 cc. of blood. With their method a correction of 3.5% of 
the volume of packed cells was necessary because of shrinkage due 
to the use of oxalate as anticoagulant. Centrifugation was carried 
out bjT them at over 4500 revolutions per minute,” until the cell 
volume I’emained constant. From the normal group reported in 
the present study, 43.5 cc. was the average cell volume per 100 cc. 
of blood of 51 tests in children of a similar age group. This value 
was obtained with heparinized blood after the specimens were 
centrifuged at an average time and speed of 30 minutes at 2500 
revolutions per minute. Since heparin does not disturb the osmotic 
relations of the blood, no correction for shrinkage was necessarj'. 
This value corresponds to the hematocrit reading of 43.7 cc. of 
packed red cells per 100 cc. of blood for adults obtained by Haden^’ 
with the use of an isotonic solution of sodium oxalate. 

Millar” and Ponder and Saslow,^’’ in appraising the hematocrit 
method as a means of cell volume measurement questioned its 
accuracy because of the difficulty of deciding upon the end point. 
The hematocrit remains, however, the most practical instrument 
available for this tjqie of determination and is thoroughly relialile 
for comparative purposes provided the technique is unchanged. 
Although the complete removal of fluid between the erythrocyte.s 
is desirable, it is possible that in obtaining this objective, change.^ 
may be induced i.>y compressive forces upon the blood of individuals 
of various age groups especially when coagulation is inhibited 
through the medium of substances that induce shrinkage. Haden^'* 
found that at a speed of 2500 revolutions per minute the volume 
of cells after f hour centrifugation was only 2% greater than alter 
2 hours. The lime and speed of centrifugation followed in the 
present study yielded results that differed to a slight degree only 
with those at higher speeds. In a small series of comparative 
estimations the cell volume with heparinized and cifrated blood 
obtained after centrifuging at the standard speed of 2500 revolu- 
tions per minute for J hour exceeded by only 1 % as a maximum 
the values obtained after centrifuging at a speed of 4000 revolutions 
per minute for | hour to 45 minutes. Because of the possibility 
of undesirable alterations with the blood of young individuals, the 
lower speed was adhered to. 

In conclusion, it may be stated that the significance of an isolated, 
uncorrected sedimentation rate of a jiatient with an infection taken 
apart from a series, increases when the cell volume percentage falls 
within the range of normal, and that it may be accepted without 
reservation when it approximates the average figure. M ith the 
method described in this paper, and until larger series of oliservations 
are reported, the lower level of cell volume for citrated blood speci- 
mens may be regarded as 30% and the average as 30%. C om- 
parison with these values is only essential when marked dc^ iations 
from the normal rate of settling are noted in an initial test or v ith 
the occurrence of a sudden and unexpected shift in the coin.-^e of 
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consecutive tests. AVliere facilities are available for centrifugation 
at the requisite speed, however, it would be desirable to determine 
and record the cell volume percentage together with the sedimenta- 
tion rate. Such conjoint measurements are helpful in the final 
evaluation of the test, and when obtained periodically provide 
useful information in regard to the clinical and hematologic progress 
of the patient. 

Summary. A method of determining the sedimentation rate of 
m-jdhrocytes has been presented which employs capillary blood and 
is suitable for use wth infants and children. 

The tube that has been devised constitutes in effect a reduced 
macrosedimentation tube in that it embodies the basic requirements 
of apparatus in which sedimentation tests are carried out with 
venous blood. 

Close agreement was noted in 102 comparative determinations 
with the method, in addition to 128 other microsedimentation tests, 
using blood from the heel of the young infant or finger of the older 
child and with a standard test utilizing venous blood. 

With the microsedimentation method described in this study in 
which 5% sodium citrate was employed as anticoagulant, the 
average rate of settling in normal infants and children was 4.2 mm. 
for |-hour and 9.1 mm. for 1 hour, Avith respective ranges of 1 to 
8 mm. and 3 to 13 mm. The single determination at the end of 
1 hour was sufficient for comparative purposes. 

At the conclusion of the sedimentation test, the tubes were 
centrifuged for ^ hour at a speed of 2500 revolutions per minute. 
The range of cell volume in the normal group. was 30 to 40% for 
citrated blood (average, 35.8%). 

In a small group of infants and children with various infections, 
95% shoAved cell volumes of 30% for citrated blood (loAA'er level of 
the normal group) and over. This minimal value is tentative and 
may require modification with more extensive investigation. _ 

Since the determination of the sedimentation rate has been 
applied chiefly as a guide to infection, various procedures have been 
deAUsed to correct for the factor of anemia which in itself markedly 
influences the rate. While these methods are A^aluable, they are 
subject to the criticism that the test is thereby complicated and its 
aAmilability for routine clinical use limited. It has, furthermore, 
been emphasized that moderate grades of anemia cannot be dis- 
sociated from infection and that they usually fluctuate together. 

In the light of these objections and of others that are discussed, 
it is suggested that AAdiercA^er possible the cell Amlume percentage 
be reported together with the sedimentation rate. The rate of 
settling may then be evaluated in accordance with the extent to 
which the cell volume percentage approximates the range of normal, 
instead of substituting for it a value derived by comparison Avith an 

arbitrary standard. 
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Since tliis paper was submitted for publication a large number of micro- 
sedimentation tests have been carried out and on the basis of this additional 
experience several technical details require reiteVation. In the first place, the 
finger puncture must be adequate to insure a free flow of blood so that the 
complete specimen may be quickly obtained. Secondly, sufficient anticoagulant 
must be emploj'ed to prevent clotting of the blood from all types of pathologic 
conditions. To make certain of this, thorough preliminary rinsing of the pipette 
vdth the 5% sodium citrate should be effected and care should be exercised to 
introduce at least 0.04 cc. of this solution into the collecting test tube. If the 
column of anticoagulant falls below the 0.04 cc. graduation, clotting may occur, 
whereas, if this amount is slightly exceeded, the sedimentation rate is not 
perceptibly influenced. 

As an extension of the studies described in this paper; ceil volumes were 
determined, using the microtube as a hematocrit in which the results with a 
mi.xture of oxalates (Heller, V. G., and Paul, H. : Changes in Cell Volume 
Produced by Varying Concentrations of Different Anticoagulants, J. Lab. and 
Clin. Med., 19, 777, lO-'ll) were compared with those using heparin. An oxalate 
solution of 0.04 cc. (1.5 gm. of ammonium oxalate and 1 gm. of potas,sium 
oxalate dissolved in 100 cc. of water) was drawn up in the pipette, expelled into 
a collecting test tube and allowed to dry. This was sufficient to prevent clotting 
of 0.3 to 0.4 cc. of finger blood. The volume of packed red cells obtained after 
centrifuging the oxalated blood closely approximated the values obtained with 
the heparinized blood and were usually identical. The sedimentation of red 
cells from the oxalated blood in the microtube, however, did not proceed as 
smoothly and with the same regularity as did heparinized or citrated blood. 
The microsedimenlation tube may, therefore, be employed as a reliable hema- 
tocrit for determining the actual volume percentage of red cells with the sub- 
stitution for heparin of the less expensive and more available mixture of oxalates 
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MACROCYTIC ANEMIA IN LIVER DISEASE, PARTICULARLY 

CIRRHOSIS. 

Observations on the Incidence, Course and Reticdlocvtosis, 
WITH A Correlated Study of the Gastric Acidity* 

By Daahd H. Rosenberg, M.D., 
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ASSOCIATE ATTENDING PHYSICIAN, COOK COUNTY HOSPITAL) ADJUNCT 
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■WITH THE TECHNICAL ASSISTANCE OF 

A. Walters, 

CHICAGO, ILLINOIS. 

(From the Northwestern University School of Medicine, and the Cook County and 
Michael Reese Hospitals, Chicago, 111). 

In recent years, reports of the occurrence of macrocytosis or of 
macrocytic anemia in diseases of the liver, unassociated with hemor- 
rhage, liaA'^e appeared in the literature with increasing frequency. 
Prior to this, the finding of this characteristic of'pernicious anemia, 
particularly in hepatic cirrhosis, was regarded as most unusual,^ 
meriting brief if any comment in treatises on this subject, all empha- 
sis being laid upon the anemia secondary to hemorrhage. 

The earliest observation of the coexistence of macrocytosis vdth 
liver disease was made in 1883 by Gram,” who found the diameter of 
the erythrocyte increased in obstructive jaundice, catarrhal jaundice 
and in a case of cirrhosis. Limbeck^ (1896) found the volume of the 
red cells increased in catarrhal jaundice, and Capps'* (190.3) obsen^ed 
a high volume index in 2 cases of carcinoma of the Ih^er. Recent^", 
Wintrobe and Shumacker^ recorded 11 instances of macrocytosis, and 
collected from the literature 57 other cases of macrocjdic anemia 
associated with different forms of cirrhosis. To their series, I am 
able to add at least SO cases of liver disease with macrocji;osis found 
in a subsequent sun^ey of the literature.--®-'*-®-**'* As with rare excep- 
tions,®-® the reports deal with single cases or witli small groups, an , 
mvestigation of the incidence, nature and course of these morpho- 
logic changes in a larger series of patients with liver disease was 
undertaken, a report of which constitutes the basis of this paper. 

* Re.-nl before the Central .Society for Clinical Research, Chicago, November 2, 
1935. 
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Material. Observations were made upon 62 cases of acute, subacute and 
chronic hepatic disease, 48 of which were cirrhosis, 7 toxic hepatitis, 1 
acute yellow atrophy, 3 carcinoma of the head of the pancreas and 3 meta- 
static carcinoma of the liver. In the selection of patients, only those in 
whom a diagnosis of liver disease could be made without equivocation were 
chosen. The necessity for adhering to such a rigid criterion is borne out 
by the paucity of necropsies and operations performed in this group, only 
10 in all. In consequence, the majority of the cases represent advanced 
hepatic disease. 

A few brief remarks about the clinical features of the cases of cirrhosis 
may assist in visualizing the type and extent of the disease: Of 45 patients 
diagnosed as portal cirrhosis, 41 were in the hypertrophic and 4 in the atro- 
phic stage. In 3 other patients, hypertrophic biliary cirrhosis was found 
at operation. The liver edge in the hypertrophic group was distinctly hard, 
and averaged 8.1 cm. below the costal margin on inspiration, with the 
limits of variation being 2 to 14 cm. In 31 cases, the surface was smooth, 
and in the remaining 13, it was irregular and nodular. The spleen was 
slightly to moderately enlarged in 11 patients, and in another, it descended 
7 cm. below the costal margin. Ascites was present in 31 individuals, and 
edema of the lower extremities in 22. A history of chronic alcoholism was 
elicited in 31 of the patients, and 9 of these presented the manifestations of 
delirium tremens either upon entry or while in the hospital. Of the 62 
patients studied, intrahepatic jaundice of a greater or lesser degree, indicat- 
ing considerable hepatic dysfunction, was observed in 40 instances (Tables 
1,2, 3 and 4). 

Methods. Blood counts were made every 3 or 4 days during the period 
of hospitalization and at variable intervals thereafter. Counting chambers 
and pipettes certified by the U. S. Bureau of Standards were used, and 
hemoglobin estimations were made with a Sahli hemometer standardized 
so that 14.5 gm. was equivalent to 100% (Wintrobe).*^ Cell volumes were 
determined by the Wintrobe hematocrit.^^ To obviate any possibility of 
congestion in the forearm, the tourniquet was released immediately after 
insertion of the needle into the veiU) and a few seconds were allowed to 
elapse prior to withdrawal of the blood. Reticulocyte counts were made 
from blood supra vitally stained with brilliant^ cresyl blue._ Wherever 
indicated, fragility tests were made in order to aid in differentiating acquired 
or familial hemolytic icterus. In all cases, the degree of bilirubinemia was 
measured by the icterus index.^' To study the relationship, if any,' between 
achlorhydria and this type of anemia, Ewald test meals were given wherever 
feasible, and to patients showing an anacidity by this method, 0.35 mg. of 
histamin was administered subcutaneously and a fractional gastric analysis 
was performed. 

Results. Hepatic Cirrhosis. Of the 48 patients with cirrhosis 
(Tables 1 and 2), a inacrocytosis was found in 43 instances, an 
incidence of 89.7%*. This is strikingly shown by the mean corpus- 
cular volume, wdiich ranged from 75.4 to 142.5 c. n., the average 
being 110.8 c. p. The extraordinarily high figure of 142.5 c. p. was 
obtained in Patient 18, at a time when the reticulocytes numbered 
18% of the total red blood cells, and, from the work of Persons,-^ 

* Dr. A. C. Ivy, Professor of Physiology at Northwestern University, has written 
IIS in this regard. . “ Dr. Rosenberg, as well as I, was surprised in regard to the liigh 
incidences of inacrocytosis observed. When this appeared to be true during the 
earlier stages of his M'ork, his technique was investigated for faults, and none found. 
It was then thought that as the work progressed the percentage would decrease; but 
it did not.” — Editors. 
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Taule 2. — Atrophic Portal Cirrhosis. 
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Table 3.— Toxic Hepatitis. 
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may be explained in part, at least, by this degree of reticulocytosis. 
Of the remaining patients, 4 (Nos. 20, 25, 26, 46) showed a normo- 
cytosis and 1. (No. 29) a microcytosis. Patient 32 exhibited a 
norm ocy tic anemia on admission, but within 4 weeks and concomi- 
tant with a rapidly increasing degree of hepatic insufficiency, devel- 
oped a definite macrocytosis (mean corpuscular volume, 104 c. n). 
Although Patient 46 has presented a normocytic anemia to date, 
a distinct tendency toward the development of a macrocytic type 
is manifest. 

The red blood cell counts were below normaP'* in all but one in- 
dividual (Patient 26). In Patient 46, who showed a persistent 
macrocytosis, the erythrocyte counts were normal when he first came 
under observation, but more recent studies have revealed a slight 
hypocjdhemia. The lowest count recorded, 1.09 million per cu. mm., 
was noted in Patient 18, 1 week before exitus, whereas the highest, 
4.97 million, was found in Patient 26, who presented the clinical pic- 
ture of an early cirrhosis. The erj'tliroeytes in this group averaged 
3.26 million. In 2 patients, a spontaneous rise in the erytlirocytic 
level was observed synchronously with an improvement in their 
general condition. Thus, in Patient 11, the red blood cell count 
rose from 4.05 to 5.26 million in 3| months, and was accompanied 
by a more rapid, earlier gain in hemoglobin, from 11.2 to 14.5 gm. 
per 100 cc. within 1 month. In Patient 15, the erjdhrocytes rose 
from 3.75 to 4.23 million in 2 months, whereas the gain in hemoglo- 
bin, from 13.8 to 14.6 gm. per 100 cc., may be considered within the 
normal limits of variation. 

The hemoglobin content varied from 5.2 to 16.4 gm. per 100 cc. 
of blood, with a group average of 12.0 gm. Mean corpuscular hemo- 
globin values, as observed upon admission, disclosed an hyper- 
chromia in 39 individuals, normoclu-omia in 6 and hypochromia in 
3. In subsequent studies, it was noted that Patient 46, with an 
initial hypochromia, had developed a normochromic anemia. Sim- 
ilarly, the anemia in Patient 19, formerly normochronic, had assumed 
an hyperchromic character. It is conceded that the accuracy of 
Sahli hemoglobin estimations is untrustworthy in the presence of 
moderate or marked bilirubinemia, for the serum discoloration per 
se leads to a high, factitious value. The results are significant, how- 
ever, since by far the majority of the group showing hyperchromia 
had either a slight or no biliruliincmia. A spontaneous rise in hemo- 
globin ranging from 1.4 to 4.1 gm. per 100 cc. occurred in 4 patients 
(Nos. 9, 11, 12, 19), the largest increment being noted after 7 months 
of progrcss've subjective improvement. 

.-Vcconqianying these remissive tendencies, there has been a 
decrease in the mean corpuscular volume in S patients (Nos. 11, 12, 
1.5). but in none did it return to normal. 

Toxic JlcpalUh'. In all of the 7 patients with acute toxic hepatitis, 
a macrocytosis was found (Table 3). The increase in the mean cor- 
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puscular volume was^ on the whole, ol' less magnitude than that in 
the cirrhoses, the variation being fi’om 100.6 to 107.8 c. /x. It is 
worthy of mention that in Patient 49 the macrocytosis \yas already 
present on the seventh day of illness, and in another (Patient 51), 
it had disappeared within 2 weeks after improvement set in, indi- 
cating the rapidity with which cell changes may take place. ■ A mild 
anemia was present in 6 out of the 7 patients, and in the remaining 
one the red blood cell count was normal. The hemoglobin readings 
were uniformly normal, thus yielding abnormally high mean cor- 
puscular hemoglobin values (hyperchromia). The latter figures, 
however, cannot be accepted without reservation, for the grade of 
bilirubinemia in these cases undoubtedly effected an over-estimation 
of the true hemoglobin content. 

Other Forms of Liver Disease. A macrocytic anemia was fdund 
in each of the 3 patients with obstructive jaundice due to carcinoma 
of the head of the pancreas and in the 3 patients with extensive 
metastatic carcinoma of the liver (Table 4). In 5 of these patients, 
the mean corpuscular volume ranged between 95.4 and 115.2 c. jn, 
and the erythrocytes numbered more than 3 million per c.mm. 
Patient 59, who had a mean corpuscular volume of 126.0 c. ju and 
an erythrocyte count of 2.76 million, gave a remote history of long 
standing chronic alcoholism, and, in view of the extreme hardness 
of the liver, was also suspected of having an hepatic cirrhosis. 
Perhaps the combination with the latter disease accounts for the 
greater degree of macrocytosis. 

Patient 62, with acute yellow atrophy, exhibited a definite macro- 
cytosis (C. V. = 108 c. fi), with a normal erythrocyte count and a 
subnormal mean corpuscular hemoglobin concentration. 

Retimilocytosis.* A reticulocytosis varying from 1.1 to 18.0% 
and averaging 2.47 %, was found in 39 out of the 62 patients. This 
would connote an active erythropoiesis in the majority of our 
patients. Indeed, Bleichroeder,^® Eppinger,^^ Boros^® and Fellinger 
and Klima® have reported the pathologic finding of red marrow in 
the long bones, particularly the femur, in some cases of cirrhosis 
without hemorrhage. No exact correlation between the number of 
reticulocytes and the severity of the anemia is apparent, although 
the highest percentages were encountered in 3 of the patients with 
the more advanced anemia (Nos. 18, 28, 30). It is noteworthy, 
further, that of 43 patients with icterus, 30 manifested a reticulo- 
cytosis. t In contrast, of the 19 individuals without icterus, a reticu- 
locytosis was found in only 9. This has been noted before (Schiff),^® 
and seems suggestive of a possible relationship between the bili- 
rubinemia and the number of reticulocytes. 

* Considerable diversity of opinion exists today concerning the normal percentage 
of reticulocytes in the peripheral blood.^s For the method employed in this study, 
the general consensus is that 0-1 % is normal. 

t Fragility tests were normal. 
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Rejaiionship of Achlorhydria to the Anemia. Since an aclilor- 
hydria in the presence of a macrocytic anemia may denote a defi- 
ciency of the “intrinsic factor” of Castle (Isaacs and Goldliainer’®), 
it is of interest to study the incidence of its association with the 
macrocytic anemia in liver disease. In only 11 out of the 48 patients 
on whom the gastric acidity could be determined, was a true achlor- 
hydria observed. Wintrobe and Shumacker^ found an achlorhj'dria 
in 4 out of 10 patients, whereas Van Duyn^'* observed it in none 
of his 4 patients. It appears, therefore, that in hepatic disease no 
correlation exists between the absence of free hydrochloric acid and 
the development of a macrocytic anemia. Nor is the degree of ma- 
crocjdosis any greater in those patients with achlorhj'dria. Win- 
trobe^ has -reported the presence of the “intrinsic factor,” appar- 
ently in adequate amounts, in the gastric juice of a patient manifest- 
ing cirrhosis, macrocytic anemia and free hydrochlorie acid, which 
is in accord with our conclusions. 

Discussion. The finding of a macrocytosis, almost invariably 
associated with an anemia, in 89.7 % of the patients with cirrhosis 
and in 91.9% of all the patients with various forms of hepatic dis- 
ease, is in striking contrast with the incidence as recorded by other 
observers. Thus, in a study of 57 cases of portal cirrhosis without 
hemorrhage, King^^ found none vdth macrocytosis or with hyper- 
chromic anemia. Wintrobe and Shumacker° reported a macro- 
cytosis in 11 out of 43 patients (25%) with liver disease. Fellinger 
and Klima“ noted an hyperchromic anemia in 18 out of 48 patients 
(37.5%) presenting various grades of cirrhosis, but they were of the 
opinion that practically all such cases, if followed long enough, 
would ultimatelj^ manifest an hyperchromic anemia. Thej'^ ad- 
vanced no conclusive evidence to substantiate their belief. In a 
recent e.xperimental study of carbon tetraclilorid cirrhosis in rats, 
Higgins and Stasney^- observed the progressive development of a 
macrocytic anemia, in which the macrocytosis and the anemia 
increased proportionately with the increase in the degree of cirrhosis. 
Since our patients presented indubitable clinical evidence of wide- 
spread liver disease, which in most instances was in an advanced 
stage, this factor alone would seem to afford an e.xplanation of the 
higher frequency of macrocytic anemia in our series. 

Although the “tendency” to develop a macrocytic anemia in 
hepatic disease has been noted by Wright,” the transition from a 
microcytic or normocytic anemia to a macrocytic type, as an accom- 
paniment of increasing liver damage, has been observed by Good- 
hart, = Van Duyiff^ and by us (Patient 32). The further progressive 
increase in the degree of macrocytosis and anemia coincident with 
rapid liver destruction (Patients IS and 32), together ^yith the pres- 
ence of the greatest macrocytosis in our patients with the most 
advanced anemias, or in the terminal stages of cirrhosis, provides 
clinical corroboration of the work of Higgins and Stasncy,'''^ and 
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completes a vivid picture of the evolution of the erythrocytic 
changes. As a corollary to this, it becomes apparent that either a 
progressive anemia in the absence of hemorrhage, or an increasing 
macrocytosis, may be utilized as a prognostic guide in chronic or 
advanced liver disease. 

Spontaneous hematologic improvement occurring during the 
course of hepatic disease, as in Patients 9, 11, 12, 15 and 51, needs 
engage oui’ interest. Wintrobe and Shumacker” observed improve- 
ment in 4 cases of chronic liver disease and during recovery from 
acute catarrhal jaundice. Similarly, Gram,^ Meulengracht,^® 
Stewart, and Van Duyn^"* recorded remissions in patients recovering 
from widespread liver damage with intense jaundice. Hence, it is 
reasonable to infer, that with the regeneration of liver cells, a resti- 
tution of the normal hematopoietic function of the liver may be 
evoked. 

The perplexity of a rising hemoglobin in the face of continued 
liver destruction, as noted by us (Patient 9) and by others,^ remains 
unsolved. Since our patient presented a bilirubinemia (icterus 
index, 23), consideration of the clinical evidence favoring the forma- 
tion of hemoglobin from bile pigment (Patek and Minot^^) suggests 
the possibility of hemoglobin regeneration evolving from the excess 
circulating bile pigment. Our finding of a reticulocytosis with 
greater frequency in patients with jaundice seems to offer sustaining 
evidence in this direction. 

The failure in the past to recognize macrocytosis as a frequent 
concomitant of widespread liver disease may be satisfactorily 
explained. The inadequacy of cell diameter measurements and .pf 
Price-Jones frequency curves on the blood of patients with an 
erythrocyte count in excess of 3 million per c.mm. has already 
been emphasized by Haden^^ and by Wintrobe, for results may be 
obtained which deviate so little from normal, that they possess 
very limited if any diagnostic value. That the average erythrocyte 
count for our series was 3.42 million per c.mm. bears recapitulation 
at this point. Further, measurements of the cell diameter do not 
take into account the three dimensional variations in size, a fact 
best illustrated by Haden’s^® cogent observation: “An average 
increase of 1 micron in the diameter of an erythrocyte increases 
the volume 44% if the thickness is increased in the same ratio.” 
From the blood smears of our cases, the cells appeared to be slightly 
enlarged but quite uniform in size when the red cell count was 
greater than 3.5 million per c.mm., only an occasional outstanding 
macrocyte being seen in some cases. In the more advanced anemias, 
a conspicuous macrocytosis, slight or moderate anisocytosis, a rela- 
tively slight poikilocytosis and, in some, an occasional microcyte 
were in evidence. Routine examination of a blood smear may, 
therefore, fail to reveal any macrocytosis in the average case. By 
the use of an hematocrit, it is likely that a macrocytosis will be 
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Robbins/^ studying the hemoglobin production factors in the human 
liver, observed the lowest values in cases of severe liver injury with 
anemia. Thus, the view of a deficient storage or utilization of the 
active hematopoietic principle by a defective liver seems at present 
to be the most tenable explanation of the macrocytic anemias in 
liver disease. 

In evaluating the cause of the anemias in our cases, cognizance 
must be taken of the possible role of chronic alcoholism, a history 
of which was elicited in 65% of the patients with cirrhosis. The 
resultant dietary deficiencj’’ noted in 6 patients with macrocytic 
anemia, as manifested by polyneuritis,'*^ or glossitis,^® or both, is of 
singular importance, and probabl3f contributed in no small measure 
to the development of the anemias. Eliminating these 6 cases, the 
incidence of macrocytosis is approximatelj'’ the same (91%). In 
* view of the frequenc}^ of chronic- gastritis attendant upon chronic 
alcoholism, perhaps in some of the cirrhoses the combination of a 
gastric defect and mild dietarj^ deficiencj'^ might have been provoca- 
tive of a macrocytic-anemia. This is not ascertainable from the data 
at hand, but if these cases too are excluded from consideration, the 
incidence of macrocjdosis among the remaining 30 patients with 
widespread or advanced liver disease is approximately 87%. 
Excepting the cases of manifest dietary deficiency, it would appear 
that, for the most part, factors other than hepatic insufficiency 
played a relatively insignificant role in our series. 

The possibility of the macrocytosis having been due in some cases 
to acidosis deserves consideration. Although the carbon dioxid 
combining power of the bloods was not determined, clinical evidence 
of acidosis was absent and urine examinations were normal. 

It may be of interest to direct attention to the subnormal mean 
eorpuscular hemoglobin concentrations* found in 20 cases with 
macrocytosis. In 1 of these, the value has gradually risen to normal; 
in 3, although it has increased, the value is still subnormal. In 
6 of this group, hyperchromia was not present. From these results, 
one might speculate that the chronologic sequence of the cell ehanges 
consists of a more or less transitory swelling of red blood cells, 
followed by an elevation in the hemoglobin to a normal or hyper- 
chromic level and, as a result of an insufficient amount of hemato- 
poietic substance, by the subsequent appearance of true macrocytes. 
The initial increase in cell volume might result from a lowered 
colloid osmotic pressure secondarj'^ to the decrease in the serum 
albumin fraction, ‘*‘* so frequently found in hepatic insufficiency, or 
in advanced hepatic disease.^® Such an hypothesis gives prominence 
to Meulengracht’s original idea, but onty in a restricted sense. 
Further studies, however, are essential for a better understanding 
of these blood ehanges. 


* Values greater than 32% -were considered normal. 
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Tlie treatment of this anemia by parenteral liver extract has, 
in most cases, been disappointing.*- «- Only in several instances 
have satisfactory results been attained .*- 22 Of 5 patients 
treated intensively with a potent extract, none showed hematologic 
improvement, althougli in 2 a slight reticulocyte rise occurred. It 
seems likely that the liver is essential for the intermediary metabol- 
ism of liver extract, converting it into an effective hematopoietic 
substance. In this way, we may account for the varied results 
following liver therapy in patients with hepatic disease, little or no 
response being elicited in cases with extensive liver damage. 

Summary. 1. The morphologic changes in the blood of 62 
patients with various forms of widespread or advanced hepatic 
disease are recorded. 

2. Either a macrocytic anemia or macrocytosis alone was found 
in 91 of the patients. 

3. Spontaneous hematologic improvement may occur in the 
course of acute or chronic hepatic disease. 

4. Clinical evidence pointing to a relationship between the degree 
of macrocytosis and 'anemia and the extent of hepatic insufficiency 
is presented, and its prognostic significance is indicated. 

5. A reticulocytosis occurred in 39 patients and was more common 
with bilirubinemia. The implications are discussed. 

6. Achlorhydria is not essential for the development of macro- 
cytic anemia in liver disease. 

7. Macrocytosis in liver disease may possibly result from a pri- 
mary swelling of the erythrocytes, followed by the secondary appear- 
ance of true macrocytes. 

The author acknowledges with pleasure the generous cooperation and suggestions 
offered by Dr. A. C. Ii-y. 
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ANEURYSM OF THE ABDOMINAL AORTA : A STUDY OF 73 CASES. 

By R. H. Kampmeier, M.D., F.A.C.P., 

clinical professor of medicine; LOUISIANA STATE UNIVERSITY MEDICAL CENTER; 

VISITING PHYSICIAN, CHARITY HOSPITAL, NEW ORLEANS, LA. 

(From the Departments of Medicine, Louisiana State University Medical Center 
and Charity Hospital of Louisiana, New Orleans, La.) 

Following experience with several cases of aneurysm of- the 
abdominal aorta, it was thought desirable to study all such cases 
admitted to the wards of Charity Hospital in the past 30 years. 
All authors discussing the condition point out the infrequency of 
such aneurysms. Because of the high rate of syphilis among the 
negroes admitted to this hospital, it offers an ideal place to collect 
a group of cases.* 

* Since this paper was written, there have been 4 additional cases: 1, a colored 
fernale, aged 38, presenting erosion of vertebraj upon roentgen ray study; 2 males, 1 
white, aged 53, and 1 colored, aged 38, died from rupture of the sac, proved at 
necropsy. Another, a colored male, aged 51, was studied on the author’s ward; he 
presented pulsation in the left paravertebral region, a palpable mass, and by the 
roentgen ray erosion of the last two dorsal, and first lumbar vertebra; as well as the 
twelfth rib. These 4 cases, v-ith the 1 mentioned in the section on diagnosis and 
not included in the statistics, brings the total number of cases to 73. 
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This paper is based on a study of 68 cases of abdominal aneurysm. 
All but 3 arose from the abdominal aorta. Three arising from the 
celiac axis were included, for they could not be differentiated from 
the others except at necropsy. Cases were chosen for consideration 
only when good evidence was available to make the diagnosis a 
certainty. Thus the diagnosis was proven at necropsy in over 
one-half the cases. In the others the roentgenologic and physical 
features were considered sufficient. Exploratory laparotomy made 
the diagnosis in 2 cases. A number, equal to almost one-half the 
accepted cases, were discarded because of lack of data substantiating 
the diagnosis of aneurysm of the abdominal aorta. 

Incidence. Aneurysm of the abdominal aorta is encountered 
infrequently in anyone’s clinical experience. No extensive collection 
of cases has been made since Nixon’s appeared in 1911. 

Bryant,* in 1903, reported the necropsy cases showing this lesion 
at Guy’s Hospital from 1854 to 1900. During this period in 18,678 
autopsies there were 325 aneurysms of the aorta, of which 54 (16%) 
were of the abdominal aorta. 

In 1905, 0.sler- reported 16 cases which had been found in 16 years 
among 18,000 ward admissions at Johns Hopkins Hospital, an 
incidence of 1 abdominal aneurysm to 10 thoracic aneurysms. In 
the first 200 necropsies at that institution there had been 49 aneu- 
rysms of the thoracic aorta and 11 of the abdominal aorta. This 
author called attention to variation in incidence in various locali- 
ties, pointing out that in a series from Vienna there had been 
3 abdominal aneurysms in 222 aortic aneurysms found in 19,300 
autopsies. 

In a monograph not available to me, Nunneley reported 32 cases 
of abdominal aortic aneurysms which occurred among 17,872 
autopsies done at St. George’s Hospital over a period of 65 years. 
These are included in Ni.xon’s series which follows: 

Nixon ,** in reporting a case of aneurysm of the abdominal aorta 
due to congenital syplu'Iis in a girl, aged 20, collected 233 cases. 

In 1918, Marlow and Doubler* reported a case of abdominal 
aortic aneurysm with rupture into the duodenum. At this time 
they collected 11 more cases of abdominal aneurysm reported since 
Nixon’s paper, bringing the total to 244 cases. Of this whole group, 
they had been able to find only 5 eases with rupture into the gastro- 
intestinal tract. 

From this last paper to the jiresent date I have been able to find 
reports of 69 more cases, all of which have appeared as single case 
reports, except for a few. Gernerh’ ))ublished 0 instances of abdom- 
inal aneurysm found among 28 aortic aneurysms in 1062 autopsies. 
Dafoe'* reported 2 cases of ruptured abdominal aneurysms due to 
tuberculosis, the diagnosis being established microscopically. 
Farmer," in dc.scribing bone alxsorption in the spine due to abdominal 
aneurysm. re]iorted 3 cases. 
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Thus, up to the time of the writing of the present paper, tliere 
have been reported, in the literature, aiiout 313 cases of abdominal 
aneurysm. Tliis paper adds 68, bringing the total to 381 cases. 
Among these liaA^e been 9 cases with rupture into the gastro- 
intestinal tract to which this paper adds another, a case with 
rupture into the stomach. 

The 68 acceptable cases considered in this paper were found at 
Charity Hospital over a 30-year period, in which time there were 
215,516 medical admissions. Of this series, 38 were proven at 
autopsy, in a total of 12,053 necropsies during this time. During 
the 30-year period the diagnosis of aortic aneurysm was made 
976 times. In a recent study the author made of these, 532 were 
accepted as cases of unquestionable aneurysm. Considering then, 
undoubted cases, the incidence of abdominal aneuiysm is 1 to 7.8 
cases of thoracic aneurysm. 

Etiologic Factors. Race. As was to be expected, the greatest 
number of aneurj’’sms occurred among the negroes. Not that that 
race in itself is a major factor— though I am inclined to believe in 
a greater tendency to vascular disease in the colored person— but 
because of the higher incidence of syphilis. Fifty-four (79.4%) 
were negroes, whereas 14 (20.5%) were whites. 

Sex. Because of the specific etiology of aneurysm, and possible 
effect of physical labor, the frequency of aneurysm of the abdominal 
aorta would be expected to be greater among the males. Thus 
57 (83.7 %) of the patients were males. Nixon, in his 233 collected 
cases, found 207 (88.8%) to be in males and 26 (11.2%) in females. 

Occupation. This was recorded in 50 cases; 44 of these did 
physical work. Most were common laborers, but others whose 
work was manual were farmers, sailors, mechanics and carpenters. 
Among the women were 5 whose occupation was heavy housework 
and 1 that of a dressmaker. 


Table 1. 

— Distribution as to 

Age, Sex 

AND Color. 



Colored 

White 

Colored 

White 

Age in years. 

males. 

males. 

females. 

females. 

20 to 24 . 

.... 3 


3 


25 to 34 , . . 

. . . . 8 

5 

3 


35 to 44 . 

. . . . 20 

2 

2 


45 to 54 . . . 

. . . . 9 

3 


1 

55 to 64 . 

. . . . 4 

1 


2 

05 and up 

No age given 

. . . . 1 

. . . . 1 




Total 

. . . .46 

11 

8 

3 


Afire. Aneurysm is usually considered to be a disease of the 
fourth and fifth decades. In this group, 6 patients, all colored, were 
found to be between 20 and 25 years; 22 (32.3%) were under 35 
at the time of admission to the hospital; 46 (67.6%) were under 45. 
Table 1 indicates the distribution of cases as to age, sex and race. 
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Si/philis. The Treponema pallida is undoubtedly the most 
frequent specific agent in the production of aneurysm. The 
Wassermann reaction is naturally not necessarily positive in syph- 
ilis. The test was carried out in 39 cases and not recorded in 
29 cases. Of the 39 recorded reactions, 19 (48.7%) were positive 
and the balance negative. A history' of penile sore was obtained in 
28 cases. Of these, S presented a positive Wassermann reaction, 
12 a negative and in 8 no record of a blood Wassermann was avail- 
able. (Antisyphilitic treatment had been administered in 11 cases, 
of which 6 showed a negative Wassermann test.) If we add the 
20 cases in which the history of a penile sore was obtained, but in 
whom the Wassermann reaction was either negative or not recorded, 
to the 19 cases in whom a positive reaction was obtained, we have 
as evidence of syphilis either ’a history of chancre or a positive 
Wassermann reaction in 39 cases (57.3%). Unfortunately it is 
only in recent years that the necropsy protocols describe micro- 
scopic examination of lesions. Therefore, microscopic evidence of 
syphilis appears in only 5 cases of the 38 that eame to necropsy. 
In an additional 9 cases the gross lesions of the aorta were described 
as being syphilitic. 

Arteriosclerosis. It is accepted that with marked atheromatous 
changes of the aorta, as are seen in older age groups, aneurysm of 
the aorta may occur. ICampmeier and White® reported such a 
case in which the most extreme atheroma of the aorta was present. 
They reported this case because of the association of a dissecting 
aneurysm of the descending arch with an aneurysm of the abdominal 
aorta. It is possible that in a very few of this group, aneurysm 
may have originated on the basis of atheroma. Only 8 were above 
55 years and only 1 above 65. 

Tuberculosis. This etiologic factor has been described by Dafoe.® 
He reported the only 2 such cases in which tubercles were demon- 
strable microscopically. In the literature this author was able to 
■find only 11 cases of aortic aneurysm due to tuberculosis, all of 
them being of the thoracic segments. Tuberculosis may cause 
aneurysm by involvement of the intima, by lesions of the media 
or adventitia, though infection via vasa A-a§orum, or lastly by exten- 
sion from tuberculous lymph nodes, abscess or bone lesion. (We 
have seen 1 case of aneurysm of the aortic arch due to extension 
from tuberculous lymph nodes.) 

Trauma. Crushing injury to the abdomen, with probably inter- 
ruption of the integrity of the aortic Avail, has been rarely described 
as a cause of aneurysm of the abdominal aorta. Apparently none 
of the cases in this series presented the etiologic factors Avhich Avould 
place them into either of these last two classes. 

Sympfomaiology. Eight cases AA'ere admitted to the hospital either 
practically moribund, or died so soon after that no history Avas 
obtained. 
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Pain was the most frequent symptom, being present in 55 (91.6%) 
of the 60 cases giving a history. It made up the admitting com- 
plaint in almost this number. The pain was remarkable in its 
wide distribution. However, in most cases the pain was referred 
to one of several sites. Most frequently the pain was localized 
to the abdomen, namely, in 32 patients. Of these, 10 specifically 
named the epigastrium as the site, 1, the left lower quadrant, and 
3, the left side of the abdomen. 

The next most frequent site of pain was the back. In 20, pain 
was present in this region distributed as follows: 11 patients local- 
ized the pain to the middle of the back, 6 to the left lumbar region, 
2 to the right sacroiliac area, and 1 to the lower back. One patient 
referred pain to the left hip and thigh, 1 to the left thigh and Icnee, 
and a third to the right thigh. In 1 patient pain was localized to 
the right chest, and in another to the precordial region. In some 
patients pain was referred to more than one site. 

Radiation of the pain from the original sites as described above 
was generally downward. In 6 patients the pain was referred to 
the left lower extremity, to the thigh alone, or to the thigh and leg, 
and in one to the foot. In the thigh the inner and outer aspects 
were described as being affected. Radiation was to the right thigh 
in 3 cases. The left groin was the site of radiation in 2 and to both 
legs in 1 . Unusual was pain radiating to the left shoulder in 2 cases. 
There was roentgenologic evidence of erosion of lumbar vertebr® 
in 10 of the cases in which radiation of pain was downward. Radi- 
ated pain was no doubt due to root involvement. 

Pain was described as being constant in 21 of the 55 cases present- 
ing pain. It was intermittent in character in 12. In the rest, no 
description was available. Several patients complained only of 
pain after meals. Among the group complaining of constant pain 
were some who described the pain as having been intermittent at 
first, but with the progress of the disease it had acquired the charac- 
teristic of being practically constant. Quite frequently statements 
were made that pain was especially worse at night, or that it was 
particularly aggravated when lying down. 

The type of pain varied greatly, though the severity was stressed 
by most patients. Pain was often described as being throbbing, 
synchronous with the heart beat, in others it was like a knife thrust, 
or lancinating, in many it was said to be of an aching, character. 
A few patients described the pain as being colicky in nature, and 
in others as stinging sensation; 22 stated the pain had been getting 
progressively worse, and only 1 admitted improvement in pain. 

The presence of tumor, as recognized b,y the patient, was recorded 
9 times; in 8 it Avas abdominal and in 1 the left flank. A mass had 


been noted for varying lengths of time,^ from 1 month, the shortest, 
to 21 years, the longest, occurred in 12 cases, 
nausea and \mmiting ip^jvd^t'B^s^piftfervals.'UDifficulty in urina- 
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tion and dizziness ivere noted in 1 each. Loss of weight was com- 
plained of in 23 patientSj the amount, varying from a few pounds 
to as much as 35 pounds. In Table 2 are listed the symptoms which 
were found in this group of aneurysm cases. 


Table 2. — Svmpto.ms in 60 Cases. 


Synipioni. 

No. 

caoes. 

Symptom. 

No 

cases. 

Pain: 

Abdomen, general . 

. IS 

Pain: 

Lower extremities . 

. 3 

Epigastric ..... 

. 10 

Right chest .... 

1 

Left abdomen . 

. 3 

Precordium .... 

1 

Le/t loirer quadrant 

I 

Tumor mass .... 

, 9 

Middle back 

. 11 

“Indigestion” .... 

. 12 

Left lumbar 

. 6 

Vomiting 

7 

Right sacroiliac 

. 2 

Dysuria 

1 

Lower back .... 

1 

Loss of weight 

. 23 


Two patients gave no data in their histories w'hich suggested 
abdominal disease, their story being that characteristic of cardiac 
failure. In a third patient the history was typically that of a 
carcinoma of the esophagus which was the cause of death as proven 
at necropsy, the abdominal aneurysm being coincidental. 

The duration of symptoms is of interest. Cases of more than 
1 j’ear’s duration were very few. In 57 cases, where the history of 
duration of symptoms was given, it was found that in 35 (61.3%) 
the symptoms were of 6 months’ or less duration, and that in 
51 (87.7%). the symptoms had been present no more than 1 year. 
Duration can best be considered in table form (Table 3) : 


Table S.—Debation of Ss-.mptoms in 57 Cases. 


Duration. 

No. 

cases. 

Duration. 

No. 

cages. 

1 wk. or less .... 

5 

9 to 12 mos. . 

. . 12 

1 to 4 wks 

. 2 

12 to IS " ... 

2 

1 to 3 mos 

. 12 

IS to 24 “ . . . 

, . I 

3 to G “ .... 

. 16 

2 to 3 yrs. . 

2 

0 to 9 “ ... 

. 4 

S yrs. (questionable) 

. . 1 


Physical Findings. Except for the abdomen, the physical exam- 
ination in most of the patients did not reveal any remarkable 
findings. The few e.\'traneous sips whicli were noted will be 
briefly enumerated after the abdominal findings have been described. 

On' inspection, fullness of the abdomen was noted usually of either 
the epigastric or of the left subcostal regions. These findings were 
recorded in 10 cases. Visible pulsation was noted in_ a few of 
these In 3 cases the aneurysmal sac pointed posteriorly with 
visible tumor in the back. One of tliese presented a tumor the size 
of a grapefruit projecting to the left of the spine, having eroded 
the lowest 3 ribs on that side. The second similar ca.se ha<} a 
tumor described as the size of a fetal head, projecting Cy cm. above 
the level of the surface and located to the left of the .spine from the 
tenth dorsal to the third lumbar vertebra. The third prespted a 
mass the size of one-half cocoanut to the left of the spine and below 
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the ribs. Dilated veins over the abdomen were described in 4 cases 
and dilated veins over the right thigh in 1 . 

A tumor in the abdomen was described upon palpation in 47 
(60.3%) of the cases. In 3, described above, where the sac pointed 
posteriorly, no mass was described in the abdomen, though exam- 
ination may not have been as careful in the face of the obvious 
lesion. In the remaining IS cases no tumor was described, though 
in 2 the abdomen was too rigid for satisfactory examination. Pul- 
sation was described in 2 others, but no mass was noted. Site of 
the mass was most frequently found to be epigastric or in the left 
subcostal region. The tumor was epigastric in location in 24 
(50%) of. the 47 cases presenting abdominal tumor. In 10, it was 
at the left subcostal margin. The sac was found lower in the 
abdomen at the region of the umbilicus, though usually to the left 
of it in 8 cases, in 1 of which the tumor extended from the subcostal 
margin to the crest of the ilium. A mass in the left renal region 
was noted in 3 cases. In 2, the tumor was located in the right 
abdomen, 1 in the lower quadrant and 1 to the right of midline in 
the upper abdomen. 

The description of the size of the tumor varied a great deal, terms 
of common objects being usually used to describe the size. The 
tumors were described as the size of a grapefruit, baseball and 
closed fist; 9 were said to be the size of an orange and 9 were merely 
described as being large; 4 varied from 7 to 15 cm. in diameter. 
In the balance of the cases no description of size was given. 

In the 50 cases in which tumor was described, pulsation of 
the tumor mass was recorded in 49. Aside from the cases with the 
sac projecting posteriorly, 4 other cases in which the mass was felt 
anteriorly showed definite palpable or visible pulsation in the left 
lumbar region. Thirty-nine (79.6%) demonstrated an expansile 
type. A palpable thrill was present in 3 cases. A bruit, systolic 
in time, was heard over the sac in 26 (52%) of the cases of pulsating 
tumor. Tenderness on palpation of the mass was present in a 
high percentage of the cases, and in 6 tenderness was also noted 
in the left flank or left lumbar region. Rigidity of the alidomen 
on palpation was often found, especially on the left side. 

Tlie rest of the physical flndings were more or less incidental. 
Lag and limited excursion of the left lung base occurred in a few 
cases. Impairment of the percussion note at the left base, distant 
or changed breath sounds, and rales were noted in an occasional 
case. A friction rub was heard at the left base in 2 cases. Cardiac 
enlargement was recorded in 14 cases. The murmur of aortic 
regurgitation was recognized twice. One patient presented neu- 
rologic disturbances of the left lower extremity due to pressure on 
the spinal roots. 

Roentgenologic Findings. The roentgenologic examination has in 
more recent years been found to be of exceeding importance as an 
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sudi, an ahdominal tumor presenting cxi)ausilc pulsation led to a 
diagnosis. 

As every elinieian knows, an abdominal tumor aecompanied by 
pulsation is not uncommon. Ordinarily, the pulsation is merely 
transmitted Irom the aorta lying posterior or adjacent to the tumor, 
whatever its origin. However, if the examination permits the 
grasping of the tumor between the two hands, one on either side, 
and thus presents exiiansile pulsation, the diagnosis of abdominal 
aneurysm may justifiably be entertained. As was noted above, 
e.xpansile pulsation was demonstrated in about 80% of 49 cases 
presenting tumor with pulsation. Confirmatory evidence is a 
systolic bruit heard over the tumor, and a palpable thrill. In the 
presence of a tumor with expansile pulsation, or any other tumor 
suspected for one or another reason of being an abdominal aneurysm, 
the Roentgen ray frequently offers evidence of greatest importance 
in arriving at or in confirming the diagnosis. Erosion of the lumbar 
vertebrae, especially without destruction of the intervertebral disks 
is practically pathognomonic of aneurysm . As was discussed above, 
these findings appeared in over one-half of the cases in which the 
Roentgen ray was used for its assistance in the diagnosis of this 
lesion. Since the abdominal aneurysm usually is due to syphilis, 
the Wassennann reaction may be of assistance, but we cannot 
place too much reliance on this feature in diagnosis. Early in the 
paper I discussed evidence of syphilis in this series. Further, due 
to the high incidence of syphilis among the negroes admitted to 
Charity Hospital, we must constantly consider other diseases 
coincident with syphilis. 

The diagnosis of an abdominal aneurysm may not be considered 
and the diagnosis is impossible in some cases, as was demonstrated 
in a recent case, not included in this series, seen at a clinicopatho- 
logic conference. A male, aged 38, had for over a year complained 
of lower lumbar stiffness and slight pain. He was admitted to 
Charity Hospital a second time for this complaint. A diagnosis of 
lumbosacral arthritis was made and apparently confirmed by the 
Roentgen ray. Sudden death occurred. At necropsy was found 
an aneurysm about the size of a large orange just beneath the 
diaphragm where it eould not have been palpated. It had ruptured 
into the left pleural cavity and had infiltrated the left leaf of the 
diaphragm and the retroperitoneal region .of the left side. The 
vertebrae were deeply eroded (Fig. 2). If the Roentgen ray plate 
had ineluded the upper lumbar vertebrae the diagnosis would have 
been made. 

Several conditions must be considered in the differential diagnosis. 
Accentuation of normal pulsation of the abdominal aorta, as may 
be seen in advanced arteriosclerosis, or in the thin neurotic patient 
may suggest aneurysm. However, egreful examination shows the 
absence of tumor and expansile pulsation. 
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Spinal arthritis may be simulated as indicated above^ possibly 
due to involvement of the spinal roots. This diagnosis was made 
in several of the patients in this series. The presence of a pulsating 
tumor should point toward a diagnosis, and the Roentgen ray would 
give evidence for or against aneurysm with vertebral erosion or 
spinal arthritis. 

Tumor of the liver, including malignancy, primary or metastatic, 
gumma, or abscess of tlie left lobe, of which we have recently seen 
2, may at first glance simulate an aneurysm because of transmitted 
pulsation. However, the absence of expansile pulsation, the 
mobility of the tumor with respiration, and the usually palpable 
liver edge make the diagnosis without question. 

Gastric carcinoma may present tumor with transmitted pulsation 
and may raise the question of abdominal aneurysm. If the tumor 
is movable with respiration, aneurysm is ruled out. A fixed car- 
cinoma, due to extragastric extension, is diagnosed by lack of expan- 
sile pulsation, and by laboratory and roentgenologic studies of the 
stomach. It must be recalled that an aneurysm may cause a filling 
defect of the stomach due to extrinsic pressure. 

In the past couple of years, we have seen pancreatic cysts simu- 
late abdominal aneurysm. Both conditions present a tumor, and 
the cyst may present a transmitted pulsation which displaces the 
cyst laterally with each systole, simulating in a way an expansile 
pulsation. Further, in Roentgen ray studies made in the lateral 
position both may show displacement of the stomach anteriorly. 
We have seen both lesions with calcified walls. The diagnosis must 
rest on careful study of the pulsation; if erosion of vertebrje is present 
the diagnosis of aneurysm is made. 

Differentiation of aneurysm from a mass of malignant retro- 
peritoneal lymph glands may be still more difficult. Transmitted 
pulsation may be present, anterior displacement of the stomach with 
pressure defect may occur and erosion by invasion of the vertebrae 
may take place. In malignancy, however, the intervertebral disks 
are not spared, as they are in erosion due to aneurysm. 

Renal tumor was considered in several cases of this series, and 
pyelography was resorted to in 1 case. Diagnosis is made on the 
basis of D^pe of pulsation and the use of the Roentgen ray for spine 
and kidney studies. 

Lastly, it must be recognized that, due to a thick laminated clot 
in the sac, no pulsation may be present, or at least be of such slight 
degree that expansiliility cannot be determined. In such event the 
differentiation of aneurysm from some of the above conditions may 
be very difficult, if not impossible. 

Progjiosis (ind Deoth. Abdominal aneurysm is apparently a 
condition in which death may be expected within a short time after 
the onset of svmptoms. L? the series of 68 cases, death occurred 
in the hospital in 46 instances (66%). Death occurred withm 
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1 month of hospitalization in 38 and in over one-half of these took 
place in less than 1 week after entering the hospital. Table 5 gives 
the time elapsed from admission to the hospital to death in the 46 
cases. By a correlation of this table with Table 3 it can be readily 
seen that the majority of patients with abdominal aneurysm succumb 
to the process within 6 months from the time of onset of s.ymptoms. 

In 20 of the 46 patients dying in the hospital, death was described 
as being sudden, instantaneous or occurring in a few minutes. 
Death took place rather quickly, apparently a matter of several 
hours in 10 cases. Bleeding took place for 12 to 72 hours in 6 cases, 
as one might judge from notes as to coma, apparent loss of blood, 
with later necropsy. No note was made as to the rapidity of fatal 
issue in 9 cases. One patient obviously died of carcinoma of the 
esophagus, abdominal aneurj'sm being an incidental finding. 

Table 5. — Time From Admission to Death in 46 Cases. 


No. No. 

CilBCS. CaBES. 

1 to 3 days 17 4 to 8 wks 2 

3 to 7 “ .... 10 2 to 3 mos 4 

1 to 2 wks. .... 3 5 to 6 “ 1 

2 to 4 " 9 


Death is due to rupture of the abdominal aneurysm in the majority 
of cases. As will be seen in the discussion of pathologic findings, 
this is most often retroperitoneal. The rapidity with which death 
ensues is related to the degree of rupture. Most often there is 
sudden exsanguination. However, we not infrequently see, in 
aneurysms of the thoracic aorta, that slow leakage of blood may 
occur with slower progress to death. Such circumstances were 
apparently at work in several cases of this series where death was 
not sudden, but still due to hemorrhage. Of the 38 cases coming 
to necropsy, 31 showed death due to hemorrhage. Nixon reported 
152 deaths from rupture in his collected series of 233 cases. Among 
the 7 deaths from other causes, there were no sudden deaths, though 
2 died in a few hours. Death by hematemesis occurred in 2 cases, 
1 of which came to necropsy and showed rupture of the aneurysm 
into the stomach. 

Pathologic Findings. Necropsy was performed in 38 cases. The 
sac in all of these arose from the abdominal aorta except in 3 in 
which the sac originated from the celiac axis. These were included 
in this study, however, for it would be impossible clinically to differ- 
entiate such aneurysms from those arising from the aorta itself. 

. In practically all cases the sac arose from the upper part of the 
abdominal aorta, that is, from the portion between the level of 
the reiial artery and the diaphragm. The size of the sac varied 
from that of a hen’s egg to that of the head of a child; commonly, 
the size, was given as that of an orange or grapefruit. Practically 
all sacs contained laminated clots. 
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As noted above, death was due to rupture of the sae with hemor- 
rhage in 31 of the 38 cases coming to necropsy. The hemorrhage 
was retroperitoneal in 15, about equally divided as to frequency on 
the right and the left side of the spine. ' Rupture was retroperito- 
neal in 1 case with subsequent rupture into the peritoneal cavity. 
In 4 cases, rupture was directly into the peritoneal cavity. Bleed- 
ing between the leaves of the diaphragm occurred in 2 cases. In 
4 cases, in which necropsy was done by the coroner, it was merely' 
stated that rupture had occurred, the site of bleeding not being 
given. It is of interest that in 3 cases rupture took place through 
the left leaf of the diaphragm into the left pleural cavity. In 
another case, the sac being adherent to the diaphragm, the blood 
infiltrated the diaphragm, posterior mediastinum, penetrated about 
the roots of both lungs and finally perforated into both pleural 
cavities. One of the aneur^’sms of the celiac axis ruptured into the 
stomach, with death by hematemesis. . 

Erosion of vertebras was described in 13 of the necropsy protocols. 
Left-sided pleural effusion occurred in 4 cases. Other incidental 
pathologic findings were pulmonarj- tuberculosis in 1, aneurysm of 
the ascending arch in 1, carcinoma of the esophagus in 1 and cardiac 
hypertrophy in 4 cases. ■ The anatomic evidences of sjqjhilis were 
described under the section on Etiology. 

Summary. Aneurysm of the abdominal aorta is a relatively 
uncommon lesion. From the records of Charity Hospital for the 
past 30 years there have been selected 68 such cases in which the 
diagnosis could not be questioned. This group is the largest which 
has ever been collected from any one institution. 

The etiologic factors in the production of aneurysm of the abdom- 
inal aorta have been discussed, and the clinical features have been 
described. 

Roentgenologic findings, of great importance in diagnosis, have 
been emphasized. Diagnosis of abdominal aortic aneurj^sm involves 
the consideration of a number of conditions and may be difficult 
or even impossible. _ _ . 

Prognosis in this lesion is poor, the majority of patients dying 
within 6 months from the onset of symptoms. Death is usually 
sudden and due to rupture of the aneurysm. The necropsy findings 
in 38 cases have been presented. 
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ABDOMINAL PAIN OF VASCULAR ORIGIN. 

By j. E. Dunphy, M.D., 

ASSISTANT RESIDENT SURGEON, PETER BENT BRIGHAM HOSPITAL, BOSTON, MASS. 

(From the Surgical Clinic of the Peter Bent Brigham Hospital, Boston, Mass.) 

Vascular disease is not generally recognized as one of the causes 
of abdominal pain. Although so-called abdominal angina has been 
described for years, a lack of postmortem evidence has prevented 
its acceptance as a clinical fact. Thus, Sir William Osier and Sir 
Clifford Allbutt both favored the view that transient attacks of 
abdominal pain in arteriosclerotic individuals were manifestations 
of angina pectoris rather than of visceral arterial disease, and more 
recently Morley^ has written that there is no evidence of vascular 
pain in the abdomen apart from that due to actual gangrene and 
peritonitis secondary to mesenteric vasculaY occlusion. Conner- 
has renewed interest in this subject by concluding on theoretical 
grounds that \ isceral arterial disease is analogous to coronary 
disease and plays a significant role in many hitherto undiagnosed 
cases of abdominal pain.' 

If, as Conner suggests, visceral arterial disease is analogous to 
coronary disease, the past histories of patients dying of mesenteric 
thrombosis ought to rcA^eal evidence, in a certain percentage of 
cases, of chronic abdominal pain preceding the acute attack. With 
this point in mind, the histories of all patients dying of mesenterie 
vascular occlusion, confirmed by autopsy, in the Peter Bent Brigham 
Hospital have been reviewed. In 7 of 12 cases in whieh the occlusion 
was associated with arteriosclerosis, there was a story of chronic 
recurrent abdominal pain preceding the fatal attack by weeks, 
months or years. In all of these cases mesenteric arteriosclerosis 
appeared to be the most plausible cause of the abdominal pain but 
unfortunately in nearly every case varying degrees of coronary 
sclerosis rendered a convincing interpretation of the cause of the 
pain impossible. The following case, however, was selected as 
indisputable evidence of the occurrence of abdominal pain of vascu- 
lar origin. 

Case Report. E. W., a male laborer, aged 47, entered this hospital 
because of recurrent abdominal pain of 2 months' duration. At the onset 
of the present illness the pain was located about the umbilicus, did not 
radiate, and was definitely related to meals, occurring about 1^ hours after 
eating. The^patient described it as a “hard lump in the stomach.” He 
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thought that for a short time the taking of a daily enema and mild cathar- 
tics, and the avoidance of heai^y meals had alleviated the pain, but the 
seventy of the attacks gradually increased. On several occasions there 
was slight diarrhea but no nausea or vomiting. Studies at another clinic, 
including an Roentgen ray examination of the entire gastro-intestinal 
tract, were negative and the patient was discharged with a diagnosis of 
psychoneurosis. Rour days later he was admitted to this hospital. 

At the time of adnaission the pain was excruciating and constant. It 
was now associated with nausea and vomiting, but there was no jaundice, 
diarrhea or melena. On physical examination the patient was found to be 
well developed, but had obviously lost weight recently. Examination 
of the heart and lungs was not remarkable. There was very slight tender- 
ness to deep palpation in the epigastrium, but there was no muscle spasm 
or distention. The leukocjde count was 20,000 per cram. The erythrocyte 
count was 5,000,000 per cmm. The blood Wassermann test was negative, 
and the examination of the mine and cerebrospinal fluid was negative. 
Intravenous cholecystograms were interpreted as showing a poorly func- 
tioning gall bladder. 

The patient appeared to be exaggerating his symptoms. Although mesen- 
teric thrombosis was considered as a possibility, the long duration of symp- 
toms appeared to make it unlikely and a tentative diagnosis of subacute 
cholecystitis was made. The patient expired suddenly on the ward, 3 
days after admission to the hospital. Until a few hours before death no 
significant changes in the physical examination was noted. 

Postmortem examination showed vascular occlusion involving the celiac 
axis, superior and inferior mesenteric arteries. Almost the entire small 
bowel and part of the large bowel were gangrenous. There were about 
250 cc. of bloody fluid in the abdomen and there was a thin, fibrinopurulent 
exudate scattered tlwoughout the peritoneum. The thrombotic process 
was an old and progressive one. The superior mesenteric arterj'- had 
apparently been completely occluded at one time and had been recanalized. 
The occlusive process m the inferior mesenteric artery also showed evidence 
of recanalization. There was a fresh thrombus coropletel}' occluding the 
celiac axis artery. Microscopic examination confirmed the impression 
that the process had been going on for a considerable len^h of time. There 
was slight cardiac hj^rertrophy but no coronary sclerosis or vahurlar dis- 
ease. The gall bladder, stomach, duodenum and kidneys showed no varia- 
tion from the liormal. 

An evaluation of the clinical and pathologic evidence in this case 
leads one to the conclusion that a gradual occlusion of the mesenteric 
arterial system by progressive tlirombosis was the cause of recurrent 
abdominal pain of 2 months’ duration. Certain characteristics 
of this pain merit further consideration. First, although severe 
it was not sharply localized, did not radiate, and was not associated 
with muscular spasm or exquisite tenderness of the abdominal wall. 
Secondlj^ it was in the beginning, definitely related to the ingestion 
of food and onl.y later became con.stant. On the basis of these char- 
acteristias the following hypothesis is submitted ; 'I’ascular pain in 
the abdomen is the result of an anoxemia of tlie intestinal wall and is 
a true visceral pain manife.stcd through sensory neurones in the sym- 
pathetic nerves independently of the musculocutaneous pathways. 

At the present time there are two major theories of tlie nervous 
mechanism for abdominal pain. One, the J^Iackenzic theory holfs 
that true visceral pain does not occur but that impulses arising m 
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diseased viscera (in themselves insensitive to pain) pass by way of 
the sympathetic nerves, to tlie cord where they established an 
“irritable foens’’ and overflow into the specialized somatic pain 
tracts. Pain is thus referred to the peripheral somatic nerve endings 
in the area where the spinal overflow occurs. The other theory 
proposed by hlorley^ maintains that true visceral pain is conducted 
by sjnnpathetic pathways directly to the brain independently of 
the somatic nerves. According to this conception, true visceral pain 
is not well localized and is not associated with rigidity or exquisite 
tenderness of the abdominal wall. Only when the parietal peri- 
toneum is nritated and somatic nerve trunks are stimulated is the 
pain of diseased viscera well localized and associated with muscular 
rigidity (“peritoneo-muscular reflex”). Recently, interest has been 
aroused in the old conception that sensory neurones of somatic 
type exist, although in smaller numbers than is found in the skin, 
in the mesentery’ and elsewhere within the abdomen. Heinbecker, 
Bishop and O’Leary* have shown that sympathetic trunks contain 
myelinated fibers whose histologic structure and electrical conduc- 
tion properties are identical with the jieripheral sensory pain fibers, 
and Sheehan'^ has shown that the myelinated neurones of the Pacin- 
ian bodies in the mesentery travel with the sympathetic nerves. 
In view of these studies it is quite probable that the somatic nervous 
system is invoh’cd in the production of intraabdominal pain. 

There is considerable clinical evidence to support this concept 
of two independent pathways for abdominal pain. One, over 
sensory neurones that travel in the sympathetic trunks, causing pain 
which is not well localized, is non-radiating, and is not associated 
with muscle spasm or severe tenderness, and the other, over the 
cerebrospinal nerves that supply the parietal peritoneum, causing 
board-like rigidity and exquisite tenderness (“peritoneo-muscular 
reflex” of Morley). Thus the early pain of appendicitis is supposed 
to be a true visceral pain, while the late pain in the right lower 
quadrant, associated with marked tenderness and muscle spasm 
is due to direct irritation of the parietal peritoneum. Zollinger® 
has shown that distention of the gall bladder and common duct in 
conscious patients although causing considerable distress, does 
not reproduce the tjqiical pain of biliary colic. He suggests that 
in true gall bladder colic there is an irritation of the parietal peri- 
toneum, which accounts for the radiation of the pain to the back. 
The recent studies of Rivers^ also lend support to Morley ’s hypoth- 
esis. From a group of cases in which direct examination of the 
tissues was made and an accurate history obtained he found that 
the pain of uncomplicated peptic ulcer is poorly localized, but if 
there is penetration of ‘the ulcer it becomes sharply localized. 
Rivers concludes that the pain of uncomplicated ulcer is a visceral 
phenomenon manifested through the splanchnic nerves and that 
the localization of the pain in penetrating ulcer is due to stimulation 
of cerebrospinal nerves. 
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According to Ilyle^ distention of the hollow viscera is the usual 
cause of true viscernl pain but the occurrence of severe pain without 
rigidity or exquisite tenderness in the case reported here is ei'idence 
that non-fatal or early mesenteric arterial thrombosis is capable 
of causing the same phenomenon. The exact mechanisms involved 
in the production of -vascular pain are not definitely established. 
Sutton and Lueth® have produced evidence to show that the pain 
of angina pectoris is due to anoxemia of the cardiac musculature 
and Sir Thomas Lewis'® believes that the pain of intermittent claudi- 
cation is attributable to metabolites that accumulate in a function- 
ing muscle inadequately supplied with blood. The intermittent 
.character of the pain and its definite relation to the ingestion of food, 
in the case reported above, suggests that a similar factor may be 
the cause of vascular pain in the abdomen. The partially occluded 
vessels, although adequate for viabilit}" of the bowel, were unable 
to meet the increased demand for blood necessary for function and a 
relative ischemia of the bowel occurred exactly as in the arterioscle- 
rotic leg that is overexercised. Later on as the thrombosis pro- 
gressed the circulation became inadequate even for the requirements 
of the bowel at rest. This was manifested clinically by persistence 
of the pain. Finally gangrene resulted in peritonitis and death. 

The clinical importance of vascular pain in the abdomen lies in the 
fact that it may be the precursor of fatal mesenteric vascular occlu- 
sion and a proper appreciation of its characteristics is of great, 
importance in the early recognition of this highly fatal condition. 
As seen in the reported case, the pain that occurs early in this con- 
dition differs from simple vascular pain only in its constancy. It 
also has the characteristics of true visceral pain as it is not associated 
with muscular spasm or exquisite tenderness until peritonitis has 
been established. In a previous communication" this contrast 
between the severity and persistence of the pain and the paucity of 
phj'^sical findings was pointed out as one of the most significant 
diagnostic features of mesenteric vascular occlusion. Recently, 
we have had an opportunity to confirm these impressions in the 
case of a young man with rheumatic heart disease who had an em- 
bolic occlusion of the superior mesenteric artery. There was severe 
pain with only moderate tenderness and no rigidity. At operation 
a few hours after the onset of the pain the bowel was found to be 
contracted, grayish in color, but not yet gangrenous and there Avas 
no eAudence of peritonitis. No line of demarction could be made out 
so closure without resection.Avas done. During the next 48 hours 
there Avas no definite change in the physical findings but the patient 
appeared definitely Avorse and at a second e.xploration the entire 
small boAvel was found to be infarcted but not yet gangrenous and 
peritonitis had not yet dcA'cloped. HoAA'CA'er, the operator felt that 
the lesion Avas too ktensive to permit resection and the abdomen 
Avas closed without drainage. Although masked by liberal doses 
of morphin, definite signs of peritonitis, characterized by distention 
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and muscular spasm later developed and autopsy revealed gan- 
grenous bowel and peritonitis. The superior mesenterie artery 
had been occluded at its base by .an embolus. This lack of spasm 
and exquisite tenderness in the early stages of mesenteric vascular 
occlusion is in striking contrast to the boardlike rigidity of perfor- 
ated ulcer or acute pancreatitis and constitutes a valuable diagnostic 
feature of the condition. 

Summary. Evidence is presented to show that vascular disease 
of the mesentery can cause abdominal pain in the absence of gan- 
grene or peritoneal irritation. It is suggested that pain so caused 
is the result of an anoxemia of the intestinal museulature, and is a 
true visceral pain condueted by sensory neurones in the sympathetic 
nerves independently of the musculocutaneous pathways. The 
importance of recognizing the characteristics of this type of pain 
in the early diagnosis of mesenteric vascular occlusion (arterial) 
is emphasized. 
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sity and the Department of Radiology in Charity Hospital in New Orleans, La.) 

Although intermittent claudication has been recognized for 
nis-Ry years as a possible concomitant of peripheral vascular disease, 
many phases of the condition are still obscure and little under- 
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stood. For one thing, it is a very inconstant phenomenon, and 
Its presence seems entirely unrelated to the type of vascular disease 
vitli ivljich it is associated, or to its degree. It frequently is evi- 
dent in patients whose disease process never passes beyond the 
initial stage, and it is just as frequently absent in others who 
exhibit terminal gangrene. Again, the origin of the pain of inter- 
mittent .claudication has never been satisfactorily explained, and 
even the most logical theory, as we shall point out shortly, is still 
largely hypothetical. Finally, so far as we are able to ascertain, 
the pathologic changes of intermittent claudication have never 
been described in vivo, though they have been thoroughly studied 
in the laboratory and at the postmortem table. With the second 
and third of these considerations, and more particularly with the 
third, this present commimication is concerned. 

. Tlie various theories advanced to explain the pain of intermittent 
claudication have been excellently summarized by Lewis, Pickering 
and Rothschild,' in a valuable communication in which are set 
forth also the results of their own experiments in this field. Charcot,^ 
they point out, belie-red that the basis of the pain is a museular 
cramp, comparable to the so-called “cadaveric rigidity,” which is 
the result of a deficient blood supply to the parts. Marinesco,- 
arguing along the same lines, advanced the idea that the cramp 
occurs because the blood supply to the muscles is inadequate during 
exercise, although it is entirely adequate during rest. Goldflam 
and Erb,- although they accepted the theory of museular cramp, 
admitted tlie possibility of other extramuscular structures, such as 
the arteries or even the skin, being the seat of the pain. 

But muscular cramp, as Lewis and his co-authors point out, and 
as every careful observer knows, although it may be associated 
with intermittent claudication, is by no means a constant con- 
comitant and is by no means essential to its production. We 
would suggest, as an interpolation of our own, that perhaps the 
theory of muscular cramp arose originally merely because the usual 
patient, hampered by the difficulty of translating his discomfort 
into words, used the term “cramp” to describe his pain. Other 
theories have arisen on no sounder foundation. 

Ivissin's- theory, that the cause of exercise pain is an anoxemia 
produced in the muscles from an obstruction of the arterial blood 
supply, is disproved, Lewis and his associates point out, by their 
own observations. They were able to show that obstruction of the 
vessels before exercise, even for 10-minute periods, does not initiate 
the pain, and that continuation of the obstruction after the exercise 
pain has reached its acme does not. aggravate it. Furthermore, 
they showed bv repeated tests in the same individual that the pain 
does not occur at all if the exercise is discontinued just before the 
pain is anticipated, though at this time the “oxygen debt” would 
supposedly be at its height. 
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The theory of arterial spasm was first suggested by Erb/ who. 
did not believe that mechanical narrowing of the bloodvessels was 
sufficient to explain the whole picture, and it has been championed 
since by other observers, notably by Zak.^ But Lewis and his 
co-authors, while granting the truth of Zak’s observations, are 
unwilling to accept them in their universal application. Zak’s 
theory is based on the following experiment: After the circulation 
was shut off, the patient was required to open and close his hand 
energetically until, usually at the end of 30 suCh movements, the 
fingers became white and cool and exercise pain appeared. The 
circulation was then released. In all of Zak’s observations the 
blood did not return to the fingers for several seconds, sometimes 
as long as 10 seconds, the delay, in his opinion, being evidence of 
vascular contraction. Lewis^ grants that the contraction is present, 
but is unwilling to grant that it is due to spasm; he explains it by 
the fact that the fingers have become cold during the exercise, and 
that cold always contracts the digital arteries. When he and his 
associates made the same observations with the fingers warmed, 
they found that the pain still occurred, but that there was rarely 
any delay in the return of the circulation to the hand, just as there 
was no appreciable delay in its return to the control hand if it were 
similarl}^ warmed but not exercised. Lewis explains the few cases 
in which, after the release of the obstruction, there was a delay 
in the return of the circulation to the exercised hand, by the diver- 
sion of the blood to the greatly dilated vessels of the muscles of 
the forearm. 

The theory which I^ewis and his co-workers have advanced to 
explain the pain of intermittent claudication is based on an elaborate 
set of experiments dealing with the production of ischemic pain by 
obstruction of the arterial supply. On the basis of these experi- 
ments they conclude that the pain is caused by a product of mus- 
cular metabolism, which they term factor P. The background, so 
to speak, is an inadequate blood supply to the muscles of the parts, 
the inadequacy being evident only during exercise. ^Adien suc- 
cessive muscular contractions occur, the state of the muscle under- 
goes a progressive alteration, and as this alteration takes place, 
its product, the hypothetical factor P, is given off and collects in 
the extramuscular tissue spaces. Factor P, which is a physico- 
chemical product with a cumulative action, is given off during 
exercise, they believe, even when the blood supply to the muscle is 
adequate, but under those circumstances it does not rise to the pain 
level in the tissue spaces. In other words, although obstruction to 
the blood supply is the essential basis of the pain, the pain stimulus 
itself, the hypothetical factor P, is a product given off by the muscle 
fibers. Tlie theory is ingenious, but obviously, until factor P has 
been isolated, it must remain only a theory. 

Our present communication is based on the study by arteriog- 



116 veal: vascular cha.nges in intermittent claudication 

raphy of 15 carefully selected cases of intermittent claudication 
which have been observed during the last 3 years. Fourteen 
patients were male and 1 female, 12 were white and 3 colored, but 
this distribution, in so small a number of observations, probably 
has no particular significance. The age range was from 23 to 
77 years; 4 patients- were between 30 and 40, 3 between 40 and 50, 
5 between 50 and 60 and 3 over 00. The duration of symptoms 
varied from 2 months to 4 years. 

All of these patients had perfectly typical histories, which, in a 
composite form, were about as follows: The first symptom noted 
Avas a sense of fatigue after walking, sometimes in one leg, more 
usually in both, and ahvays eAmntually in both. By slow degrees 
this sense of fatigue passed over into actual pain, which, b}’- equally 
slow degrees, increased in seA-mritj'; it was always confined to the 
calf muscles. At first it was noted only after a long walk, then it 
began to occur after shorter and shorter waUcs, and finally it oc- 
curred, Avith great severity, after a walk of only a short distance, 
sometimes only a few hundred feet. At first it was relieved by 
rest, but longer and longer interA'als of rest became necessary to 
relieim pain which occurred after shorter and shorter walks, and 
finally the patient v'as for all practical purposes physically incapaci- 
tated. The pain AA'as usually described as a cramping or drawing 
sensation in the muscles of the calf, and it naturally varied in the 
indiviciual patient in its duration and severity, and in the amount 
of exercise necessary to produce it. 

' . In 12 cases the etiologic basis was definitely arteriosclerotic, and 
the patients in this group, in addition to intermittent claudication, 
exhibited other cAudences of arteriosclerotic disease, chiefly beading 
of the arteries, absence of the dorsalis pedis pulse, pallor and cold- 
ness of the extremities, exaggeration of the pain oh exposure to 
cold, and night pain of varying degrees of severity. In the remain- 
ing 3 cases, Avhich Ai-ill be discussed later in detail, the etiologic 
basis could not be definitely determined. In all 15 cases syphilis 
Avas not a factor, and Buerger’s disease ivas also eliminated, in 
order that the vasospastic and inflammatory phenomena character- 
istic of it should not confuse the picture. 

These 15 cases Aimre studied by means of arteriography of the 
regional blood supply with stabilized thorium dioxid -(Thorotrast 
Heyden). This agent, as Ave have pointed out in other com- 
mimications,-''®’® is an opaque substance admirably adapted for 
visualization of the A-ascular tree. It has no perceptible eftect on 
the diseased A'essels, it is non-toxic in the dosage necessary for 
the ]mri)ose, and in an exqierience of almost 3 years, in over 300 
cases, Ave have noted no deleterious effects froin its use. 

In all instances the pain of AA'liich the patients in this scries 
complained Avas confined to the muscles of the calf, and for pur- 
poses of comparison it Avas, therefore, necessary to establish the 
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Doniial ])ic“tiiro of tlie regional blood supply, llepeated obser^T^- 
tions liave estaldislied the following criteria, which can be noted 
in Fig. 1. 

1. The femoral, popliteal and tibial arteries are smooth and 
regular in their course, without narrowing, of the channel at any, 
point by plaques or other obstructions. 

2. The large muscular branches are long and evenly distributed. 

3. The small muscular branches are numerous and are given 
off at regular intervals from the larger branches. They terminate 
in fine twigs, which, in turn, supply even finer twigs to all parts 
of the soft tissue. 

On the basis of the hallmarks of the normal vascular supply, 
namely, smoothness of contour, regularity of pattern, and adequacy 
of size and distribution, we studied the arteriographs of these 
patients with intermittent claudication. In addition, we noted 
particularly the size and distribution of the collateral circulation. 
Our experience with arteriography in various types of peripheral 
vascular disease has made us aware of the fact that the collateral 
circulation, however efficient it may be, cannot possibly be as effi- 
cient as the normal circulation because it practically never reaches 
all of the smaller muscular fibers. It should be stated that all of 
the arteriographs, except when otherwise specified, were taken 
during the rest period. 

The arteriographs fall into 3 distinct groups. In the first group 
(6 cases) the etiologic basis was arteriosclerosis, and the most out- 
standing change was obliteration of the large, arteries. In 3 cases 
the obliteration involved only the popliteal artery (Fig. 2), in 2 it 
involved the til)ial -s^essels just below their point of origin and in 
the remaining case it involved the popliteal and lower femoral 
arteries. In the cases in which the tibial vessels were obliterated 
the popliteal vessels were markedly narrowed, just as in those 
cases in which the popliteal vessels were obliterated, the tibial 
vessels were markedl}^ narrowed. In all 6 cases in this group 
there was a diminution in the number of the large muscular branches, 
and their distribution was uneven and clearly inadequate. The 
4 cases in which the popliteal artery was completely obliterated 
showed many new collateral vessels, which were, however, inade- 
quate in their distribution. 

In the second group (6 cases) the etiologic basis was again arterio- 
sclerosis. In these cases the large arteries were not obliterated, 
but the lumen was markedly narrowed (Fig. 3), especially in 3 cases 
in which the encroachment of plaques caused definite areas of con- 
striction. In this group also there was a marked diminution in 
the size of the muscular branches and in the number of the finer 
muscular terminals. In the 3 cases in which plaques were not 
present, the main pathologic change was confined to the large and 
small muscular branches, which were so reduced, both in number 
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and size, that in only a few areas did the vascular jjattern ajiproacli 
the normal; in other areas there were few visible branches and 
sometimes none at all. In all 6 cases in this group the new col- 
lateral blood supply was frankly inadequate. 

The most important vascular changes in these first two groups, 
then, included in one group obliteration of the large arterial trunks 
and in the other more or less diminution in the size of the lumen 
of the arterial trunks, and marked diminution in both the size and 
number of the large and small muscular branches. The collateral 
blood supply, although apparently adequate in the number and 
size of its branches, was practically alwa\'s inadequate in distribution. 

The last group includes the 3 patients in whom no etiologic basis 
for the intermittent claudication could be discovered. All 3 of 
them gave a history of some prolonged febrile disturbance of un- 
known origin -in early adult life; in 2 cases this illness was associated 
with pain in the extremities, and can be assumed to have initiated 
the vascular disturbance. 

The first patient, who showed the least marked variation from 
the normal on radiographic study, had, curiously, the most acute 
sjanptoms. He was a negro male, aged 23 years, who came into 
the hospital complaining that he could walk only a few feet without 
pain. Even at rest he had pain, which was increased by palpation, 
in the calf muscles and the toes. The dorsalis pedis pulse was 
palpable bilaterally, and there were no gross changes in the extremi- 
ties. There was no febrile reaction. Arteriographic study showed 
a peculiar clubbing and dilatation of the muscular branches, which 
terminated very abruptly. No change was evident in the main 
arteries. 

The second patient was a white male, aged 40 years, who gave 
a typical history of bilateral intermittent claudication after walking 
two blocks. The dorsalis pedis pulse could not be made out. 
Arteriography showed the same peculiar configuration of the 
muscular branches described in the first case, which was associated 
with a narrowing of the popliteal and tibial arteries (Fig. 4). 

The third patient, a white male, aged 46 years, complained of 
the same symptoms and exliibited the same type of vascular damage 
already described, except that in this case the process included the 
popliteal artery, which was completely obliterated. 

We have, then, a group of 3 successively older patients, in each 
of whom successively more serious vascular changes are exliibited. 
All the e%’idence goes to prove that the process, whatever it may 
be, begins in the muscular branches, which are typically short 
and clubbed, and finally progresses to the large arteries, which 
eventually are completely obliterated. We might add that, although 
we have not secured biopsy specimens from any of these patients, 
such an investigation should certainly be undertaken in an endea\ or 
further to elucidate this curious pathologic picture. 
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Lewis’ experiments, as we have already mentioned, eliminate 
arterial spasm as the cause of the pain of intermittent claudication; 
indeed, he was able to show that immediately after the release of the 
vascular obstruction, and while ischemic pain is still felt, the blood 
supplj'^ to the parts is increased, sometimes 20 times over the resting 
circulation. We have been able to corroborate his observations by 
the following tests upon a patient with intermittent claudication: 

A white male, aged 46 years, told a typical story of intermittent 
claudication produced by walking two blocks. After a prolonged 
rest period he was lifted from a rolling chair to the Roentgen ray 
table. Arteriography at this time (Fig. 5) showed a marked nar- 
rowing of the popliteal artery, with obstruction of the anterior 
tibial artery at several points, and a marked diminution in the 
size of the muscular branches. There was evidence of a newly 
formed collateral circulation. Two days later this patient was 
made to walk until the pain in his calf muscles had completely 
incapacitated him ; after he was allowed to rest, it was fully 5 minutes 
before the pain began to disappear, and it persisted in a milder 
form for 5 or 6 minutes longer. Following another long period of 
rest, he was again made to walk until he was incapacitated; then, 
with as little delay as possible, he was lifted to the Roentgen ray 
table and another arteriogram was taken. The whole procedure 
consumed not more than minutes, and the intense pain persisted, 
as at the first test, for more than 5 minutes. This arteriogram 
(Fig. 6) showed an increase in the size of the arterial lumen, some 
enlargement of the muscular branches, and the visualization of 
numerous fine branches not seen in the first pieture. 

This observation, therefore, bears out Lewis’ contention that 
the blood supply to the extremity is increased rather than decreased 
at the height of the pain, and furnishes at least indireet support to 
his theory that some physicochemical change in the nutrition of 
the muscles is the cause of the pain. The theory is further sup- 
ported by the fact that in all 15 of our cases some distinct change 
can be made out in the nutrition of the muscles. In some instances 
the change was in the muscular branches alone, in others the prin- 
cipal change was in the large arteries and the muscular branches 
were only secondarily affected, but always the arteriographic evi- 
dence supported the theory that impairment of the muscular 
nutrition was the basis of the pain. 

Some of the patients in this series we have been able to study 
over many months, and successive arteriograms have proved very 
interesting. One of these cases might be mentioned in detail, for 
it proves very clearly that intermittent claudication is really a 
blessing in disguise, in that it forces patients, because of their pain, 
to seek medical advice far earlier than they would otherwise. The 
intensity of the pain, furthermore, and the resulting incapacitation 
make them unusually cooperative. 
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A white male, aged 12 years, entered the hospital 14 months 
ago complaining of pain in both calves after walking even half a 
block. Four months before admission he had begun to have a 
drawing sensation in the calf muscles of both legs after walking 
any considerable distance. This discomfort gradually merged into 
pain, and when he was first observed he could walk only a few 
hundred feet without stopping to rest. He exliibited the typical 
signs of arteriosclerosis, including a bilateral absence of the dorsalis 
pedis pulse, he had severe night pains and all his symptoms were 
aggravated by exposure. 

Arteriography at this time (Fig. 2) showed a complete obliteration 
of the popliteal artery at its middle portion, and a marked narrowing 
of the femoral artery, which was constricted at several points bj^ 
the encroachment of large plaques upon its lumen. The blood 
supply of the calf muscles was from a large branch from the lower 
third of the femoral artery, which passed below the knee and 
terminated at the junction of the upper and middle third of the 
leg, and from 3 large branches of the popliteal artery, which arose 
just above the point at which it was obliterated and which descended 
well down into the leg. The number of large and small muscular 
branches was apparently adequate, but their distribution was not, 
and it was apparent that many areas had a poor blood supply or 
none at all. , 

This patient was treated intensively with diathermy, contrast 
baths, hot baths ^dce a day, and vascular exercises so graded that 
they stopped just before pain was precipitated. At the end of 
3 months, although he still noted a sense of fatigue in his calf 
muscles, he was able to walk several blocks in comparative comfort. 
The arteriogram at this time practically duplicated the first picture. 
Now, at the end of 14 months, he can walk 25 blocks without pain. 
He begins to feel fatigued at the end of 12 or 14 blocks, but he 
can walk, more slowly, almost twice as far. His nightpain, although 
less troublesome, still persists. Arteriography at this time (Fig. 7) 
still shows little change from the original picture; there is a slight 
widening of the tibial vessels, some enlargement of the large branches 
of the popliteal artery, and perhaps a slight improvement in the 
collateral circulation, particularly in the very fine branches. ^ 

Quite evidently tlie improvement in the blood supply is not 
enough to explain this patient’s clinical improvement. Our inter- 
pretation of the change in his symptoms is that the regional blood 
•supply, at least for several hours each day, is so much increased by 
heat and exercise that the hypothetical factor P of Lewis does not 
reach the pain level. It may be, too, that the temporary improve- 
ment in the nutrition of the parts actually alters the ])hysicocheinical 
changes which occur as the result of exercise. ^Yllatcver the cx-pla- 
nation, there is no doubt that the patient has improved. lie lias 
been tided over the crisis that, without treatment, might have 
terminated in irremediable disease, and the chances are that e\en 
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if no further improvement occurs, there will be no further extension 
of his disease. 

One other point should be noted, that arteriography is a valuable 
means of making a differential diagnosis in obscure cases of pain 
in the extremities in which the vascular lesions are not evident 
grossly. Such cases are frequently diagnosed as arthritis, neuritis 
and other extravascular conditions, and the golden opportunity is 
lost of arresting the disease as it was arrested in the patient whose 
history we have just outlined. 

Summary. 1. The theoi’ies of the origin of pain in intermittent 
claudication are briefly reviewed. 

2. An arteriographic study of 15 carefully selected cases of inter- ' 
mittent claudication is reported. 

3. Attention is called to the fact that in 3 cases of undetermined 
etiology the radiographic evidence shows an entirely different type 
of lesion from that noted in the other 12 cases, in which the 
etiology was arteriosclerotic. 

4. Arteriographic evidence is adduced to support the contention 
that the pain in intermittent claudication is not due to arterial 
spasm. 

5. An illustrative case is cited to show that the improvement 
which follows heat, exercise and similar measures in intermittent 
claudication is not due to any notable change in the vascular supply 
but presumably to the temporarily increased nutrition of the parts 
which is achieved by this form of therapy. 
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CuNiCAL S'liscELLANY, T ' oliune 2, 1935. The Mary Imogene Bassett Hospi- 
tal, Cooperstowji, N. Y. By 9 Contributors. Pp. 218; illustrated. 
Baltimore; Charles C Thomas, 1935. Price, $3.00. 

This volume comprises 20 papers by 9 contributors from the Bassett 
Hospital, the majority, case reports. In general the cases are well selected 
and the study that each case has received reflects much credit on the Hospital 
as well as on the indimdual authors. From the standpoint of the general 
reader. Volume II represents a dedded advance over its predecessor in 
that more of the papers deal with series of cases instead of with single occur- 
rences of very rare conditions. The new volume is further improved by a 
number of excellent illustrations and by frequent brief discussions of the 
literature which serve to orient the reader if be is unfamiliar uith the field. 
Of particular interest were the epidemiological study of poliomyelitis in a 
rural community by F. P. Harrison and M. F. Murray, the paper on post- 
vaccinal poljmeuritis by F. F. Harrison, a study of Bacteremia based on over 
1200 blood cultures by G. M. hlackenzie and R. M. Pike, and the report of 
a case of fatal hemorrhage complicating scarlet fever by M. F. Murray. 

J. R. 

A Manual of the Common Contagious Diseases. By Philip Moen 
Stimson, A.B., M.D., Assistant Professor of Clinical Pediatrics, Cornell 
Universitj' liledical College; Visiting Plydcian, Willard Parker Hospital, 
etc. Pp. 437; 53 illustrarious and 3 plates. Second edition, thoroughly 
redsed. Philadelphia; Lea & Febiger, 1930. Price, 84.00. 
PiiACTJTioNEH.s and students irill welcome the new edition, enlarged 
and thoroughly redsed, of this practical, well-uTitten, handy little volume 
that testifies to the author’s clinical and teaching experience. R. K. 


Gkundzuge per Praktiscuen Seelenheilkunde. By Dr. Med. Fritz 
KOnkel, Berlin. Pp. 168. Stuttgart; Hippokrates Verlag. Price, 
Rm. 0.75, paper binding; Rm. S, linen binding. 

A PRACTICAL text for the general practitioner. The author points out 
that tile increasing complexity of p.syc}iiatrj' has been increasing!}' confusing 
to the general practitioner, yet he is the one who is particularly in need 
of knowledge of tlie subject, since in his dai]y_ practice lie is the first to 
encounter the numerous psj'chiatric problems in their inception. Just as 
books are vTitten on "minor surgcr}'” to meet the needs of the general 
practitioner, so in this instance the author places his empliasis large!}' on 
“minor psychiafr}'" (although some of the illustrative case material^ is 
decided!}' "major"). The book \dll make interesting and profitable reading 
for all clinicians with a knowledge of German. R- K- 

You Must Eat JIeat. Fancies, Foibles and Facts About Meat. By Max 
Eun'kst JuTi’E, FornierJy Lecturer on Stomach and Intestinal 

Di«.:cascs, Xew York Policlinic Medical Scliool, etc. Pp. 164; illustrated. 
Xew York: G. P. Putiiam’.s Sons, 1936. Price, 82.00. 

A TIMELY book presenting in readable fashion the case for a u ell-balanced 
diet. It is an anthoritafive criticism of the present tendency toward over- 
indulgence in "rabbit food." • ' 
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Le Sang des Hyi^butendus. By Georges Carkiere, Professor of Clin- 
' ical Medicine, and Claude Huriez, Chief of tlie Medical Clinic at the 

Faculty of Medicine of the University of Lille. Pp. 386 ; 53 tables. Paris ; 

G. Doin et Cie, 1936. Price, 50 fr. 

This work comprises a study of the physical and chemical characteristics 
of the blood in the presence of arterial hypertension. It is based upon the 
published reports of the authors and their co-workers of some 2000 deter- 
minations made in a series of 105 selected cases. 

HjTiertension is classified according to whether it occurs as a,n isolated 
phenomenon, is complicated by other disease or is simply associated with 
other disease. Although the blood pattern is somewhat different in these 
3 groups, it seemed to the authors of greatest interest that there was a 
consistent alteration of the lipoids and proteins, together vath an increase 
in osmotic pressure. These changes they regard as intermediarj'' between 
the hypertension and a Avidespread metabolic disorder, essentially endo- 
crine in background and involving especially the adrenals, thyroid and liver. 

The book contains excellent tables presenting all data made in the course 
of the authors’ study. It includes also a fair review of current opinion on 
the subject, together •with a bibliography of 800 references, predominantly 
French. It is, in short, a complete expression of the authors’ views on the 
alterations of the blood in hypertension and may therefore be recommended 
as being of interest to investigators in this field. L. L. 


Lobar Pneumonia and Serum Therapy. With Special Reference to the 
Massachusetts Pneumonia Study. By Frederick T. Lord, M.D., Clin- . 
ical Professor of Medicine, Emeritus, Harvard Medical School, etc., and 
Roderick Heffron, M.D., Field Director, Pneumonia Study and Ser- 
vice, Massachusetts Department of Public Health. Pp. 91 ; 10 figures and 
1 plate. New York: The Commonwealth Fund, 1936. Price, Sl.OO. 

This handbook deals with lobar pneumonia and its treatment with 
serum. It discusses the Neufeld technique for the rapid determination of 
the pneumococcus type, the technique and results of serum administration, 
and serum reactions and their prevention. 

This brief work, written in the light of the Massachusetts pneumonia 
study, should prove decidedly Iielpful to practitioners who are interested in 
lowering their mortality by the use of serum. J. A. 


Atlas of Pathological Anatomy, Volume Compiled by E. K. Martin, 
M.S., F.R.C.S. Issued under the Direction of the Editorial Committee 
of the British Journal of Surgery. Pp. 475; 268 illustrations (168 in 
colors). Baltimore; William Wood & Co., 1935. Price, 815.00. 

This sepnd volume continues the method of presenting gross pathology 
and the' high standard of the first. All of the illustrations are hfe-like yet 
accurate, and considerably more than half in well reproduced colors. This 
last itena in itself would make the price prohibitive if the book had been 
printed in this country, rather than in England. The 55 sections of this 
volume coyer lesions of the joints, fibrocystic disease of bone, the thyroid 
the gastro-intestinal tract, the bladder and male genital tract, and a few 
mscellaneous conditions. Most of the illustrations are fuU page, \\dth a 
description and points from the clinical history on the opposite page. As 
an adjunct to the study of actual lesions in the museum, or better at the 
autops}'^ table when possible, tliis book should be valuable to graduate and 
undergraduate students as well as to practitioners who attempt to keep 
their knowledge of pathology fresh and useful. E. K. 
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AiiBRiCAN Chamber of Horrors. The Truth About Food and Drugs 

By Ruth deForest Lamb. Pp. 41S; illustrated. New York; Farrar 

& Rhinehart, 1936. Price, .$2.50. 

“The book points out the abuses in the cosmetic industry that flourish 
because the Federal Government has no control over beauty preparations, 
however harmful they maj' be; reveals the jokers in the present law that 
prevent the carrying out of its original purpose as respects both food and 
drugs; shows how and ndiy the Government is powerless to do anjdhmg 
about abuses which have grmvn up since the Wiley law was enacted; shows 
the rackets that flourish because there is no control of advertising; tells 
the inside stoi^” of the Food and Drug Administration’s fight to protect 
consumers against poisonous spray residue — the first time it has ever been 
told; takes the lid off the butter industry and exposes incredible conditions, 
showing how and why they exist and how they could be corrected; tells 
how the farmers are swindled with veterinary frauds; gives glimpses 
behind the scenes in an exciting but unpubheized Government agency that 
the public reaUy knows very little about; indirectly shows the kind of men 
in charge of enforcement; though it is not official, could not have been 
written by anyone outside the Government.” (From the Publishers’ 
jacket.) 


Gastritis and Its Consequences. By ICnud Faber, M.D., LL.D., Eng'., 
F.R.CiP., Eng., Hon., Professor of Internal Medicine in the University of 
Copenhagen. Pp. 119; 48 fllustrations. New York: Oxford University 
Press, 1935.' Price, $3.00. 

“The wheel is come full circle.” A generation ago, “gastritis” was a 
diagnosis frequently made. But with the introduction of Roentgen rays 
and increasing surgical exploration of the stomach, “gastritis” gave way 
to organic (ulcer) or functional (gastric neurosis) diagnoses. But once 
again, newer knowledge of disease (e. e., pernicious anemia)^ and newer 
methods of study (e. g., gastroscopy) have reclaimed “gastritis" from its 
near-oblivion and placed it in a higher and more significant place than ever. 
The chapter headings tell the story; Acute and Chronic Gastritis (Normal 
Appearance of the Stomach) ; Gastritis and Hyperacidit 3 ’’ (Pjdoric Gastritis, 
Gastritis as the Cause of Ulcer); Gastritis and Anacidity (Gastritis and 
Pernicious Anemia). The author is eminently qualified to present the 
subject, for his researches have pla 5 md a most important role in its develop- 
ment. All clinicians will vulcome this little volume. R. K- 


Delafield and Prudden’s Text-Book of Pathology. Revised by 
Fr.'U^cis Carter Wood, M.D., Director of the Pathological Department, 
St. Luke’s Hospital, New Y’'ork; Director of the Institute of Cancer 
Research, Columbia University, New York. Pp. 1046_; _839 illustrations 
and 22 full-page plates, manv in color. Sixteenth edition. Baltimore: 
William Wood & Co., 1936. Price, $10.00. 

This sixteenth edition, appearing 51 years after the first, is put forth as 
a jubilee edition. As its reviser points out, it was the first important 
American textbook of pathologj’^ after Gross’ work (1839), which was prac- 
tically the first American book on the subject. What a chance to follow 
the development of pathologj' during its most important period ! But tne 
editor claims to have resisted the pressure to make the new editions naore 
modem on the specious ground that people have the same lesions as earlier, 
though the names may have changed. Such a policj', to be sure, 
the work more easily available “as a reference work by those pa-t 
their student davs,” who will be more at home with the parenchjmiafou. 
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and vascular tyi^es of clironic nephritis, for instance, tlian witli the later 
classifications now generally in use. Fortunately, however, the policy has 
not always been carried out. , The section on tumors, for instance — almost 
100 i)ages— makes the best modern presentation of the subject that can 
be found in a one volume textbook — a result not to be wondered at in 
view of the editor’s eminence in this field. The chapters on the Nervous 
S5'’stem, the Muscles, Bones and Joints show extensive changes, and the 
rich bibliograph}’" shows many references of recent date. E. K. 


Differentialdiagnose in der inneren Medizin. By Prof. Dr. Med. 

0. Naegeli, Direktor der medizinischen Universitatsklinik, Zurich. 

Pp. 216; 55 illustrations, some in colors. Leipzig: Georg Thieme, 1936. 

Price, M. 9.60. 

Emphasizing general biological concepts rather than “minor signs which 
seldom can give anything important to differential diagnosis,” this book 
aims to show the practitioner how to get further help — usually in labora- 
tory methods. Especially in disorders of blood and spleen, that occupy 
most of this section, does the author feel that this applies. Disease pictures 
are not given and, while the important differential points are valuable for 
reference, thej’- seem too much condensed to permit the work to serve as 
more than a useful adjunct to more complete presentation of the diseases 
covered. E. K. 


Aus Meinen Krankenblattern. Von der Arbeit eines Landpztes. By 
Dr. August Heiseer, Sanatorium Luisenrube und Kindenveide Konigs- 
feld im Sclnvarzwald. Pp. 68. Miinchen: Verlag der Arztlichen Rund- 
schau, Otto Gmelin, 1936. Price, Paper, Rm. 1.58; Bound, Rm. 2.25, 
This is pamphlet No. 47 of a collection of diagnostic and therapeutic 
dissertations for the practitioner. It consists of 'five addresses by the 
author pn topics ranging from case reports of the results of leeching to the 
dedication of a village water main. R. K. 


NEW BOOKS. 

Ahorlion. Spontaneous and Induced. Medical and Social Aspects. By 
Frederick J. Taussig, M.D., F.A.C.S., Professor of Clinical Obstetrics 
and Clinical Gynecology, Washington University School of Medicine, 
St. Louis. (This volume is one of a series dealing with medical aspects 
of human fertility sponsored by The National Committee on Maternal 
Health, Inc.) Pp. 536; 146 illustrations and 27 tables. St. Louis: The 
C. V. Mosby Company, 1936. Price, S7.50. 

The Harvey Lectures, Series XXX. Delivered under the Auspices of The 
Harvey Society of New York, 1934-1935. Under the patronage of the 
New York Academy of Medicine. By Des. Wm. Bosworth Castle, 
William Cumming Rose, Wilbur .A. Sawyer, Alfred N. Richards, 
E. C. Dodds, G. V. Anrep, Francis G. Blake and John H. Northrop. 
Pp. 270; illustrated. Baltimore: The Williams & Wilkins Companj’’, 
1936. Price, S4.00. 

The Adrenals. By Arthur Grollman, Ph.D., M.D., Associate Professor 
of Pharmacology and Experimental Therapeutics, and formerly Associate 
Professor of Physiology in the Medical School of The Johns Hopkins 
University. Pp. 410; 17 illustrations. Baltimore: The Williams & 
WiUvins Company, 1936. Price, S5.00. 
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NEW EDITIONS 


The Common Cold and Injlmnza. And Their Eelationship to Other Infec- 
tions in Man and Animals. By J. E. R. McDonagh, F.R.C.S. Pp. 152. 
London; 'William Heinemann, Ltd., 1936. Price, 12s. 6 d. 

The 1935 Year Book of General Surgery. Edited by Evarts A. Graham, 
A.B.j _M.D., Professor of Surgerj'-, Washington University School of 
Medicine; Surgeon-in-Chief of the Barnes Hospital, and of the Children’s 
Hospital, St. Louis. Pp. 838; 206 illustrations. Chicago: The Year 
Book Publishers, Inc., 1936. Price, 83.00. 

This volume, one of ten that has been appearing annually for 35 years, covers 
•the advances in the field of surgery in the past 2 years. Similar volumes appear 
from the same publishing house on General Medicine; General Surgery; Eye, 
Ear,_Nose and Throat; Pediatrics: Obstetrics and Gynecology; General Tlhera- 
peutios; Urology; Neurology, Psychiatry and Endocrinology; Dermatology and 
Syphilology, and Radiology. While most of the matter is classified according to 
regions of the body, there are also subdivisions on Anesthesia, Asepsis, Operative 
•Technique, Wound Healing and Pathologic Interventions, Tetanus, Malignant 
Tumors, and Orthopedic Surgery. The book contains a -wealth of information, 
some of it of more statistical than intrinsic value. The chief increases are found 
in the fields of peripheral vascular and thoracic surgery. American literature 
does not predominate. 

Allergy of the Nose and Parnasal Sinuses. A Monograph on the Subject 
of Allergy as Related to Otolarjmgology. By French K. H.-insel, 
M.p., M.S., Assistant Professor of CMnical Otolaryngologj’-, Washington 
Universitj’' School of Medicine; Fellow of the Association for the Study 
of Allergy, etc. Pp. 820; 58 illustrations, 4 charts and 58 tables. St. 
Louis; The C. V. Mosby Company, 1936. Price, 810.00. 

Lecciones de Patolog'ia Medica. Tome 2. Bj’- Dr. C. Jimenez Diaz. 
Tomadas taquigrdficamente por el Dr. J. De Paz Montalvo. Fp. 1403; 
297 illustrations. Barcelona: Editorial Cientifico Medica, 1936. Price 
not given. 

This second volume, the first not haring been received, devotes 156 lectures 
to the pathologic anatomy and physiology of the kidney, the nervous system, 
the lungs, the circulatory, and digestive tracts. The first t-wo occupy three-fourths 
of the total space. 

Interpretation of Laboratory Findings. By Ratmonb H._ Goodale, M.D., 
Pathologist, City Hospital, Worcester, Mass.; Visiting Pathologist,' 
Belmont and Fairlawn Hospitals, Worcester, etc. Pp. 170. Phila- 
delphia: F. A. Davis Company, 1936. Price, 82.25. 

Biological Effects of Radiation. Mechanism and Measurement of Radiation 
Applications in Biology, Photochemical Reactions, Effects of Radiant 
Energy on Organisms and Organic Products. Vols. 1 and 2. Prepared 
under the Auspices of the Committee on Radiation, Division of Biologj’’ 
and Agriculture, National Research Council, Washington. Edited by 
Benjamin M. IDugg,ar, Professor of Plant Physiologj- and Applied 
Botany, University of Wisconsin, with the cooperation of Janet Howell 
Cl^ark, Kenneth's. Cole, Farrington Daniels, Gioacchino Failla, 
Charles Packard and Henry W. Popp. Pp. 1342; illustrated. New 
York: McGraw-Hill Book Company, Inc., 1936. Price, 812.00. 

Semaine Midicale Internationale en Suisse. Montreux, 9-14 Septem- 
bre, 1935. Organisee par le Journal Suisse de Medecine. Sous^le 
patronage du Haut Conseil F5d6ral de la Confederation Suisse. Pp. 477 ; 
illustrated. Bale; Benno Schwabe & Cie, 1936. Price, Sw. Fr. 20. 

NEW EDITIONS. 

The First Decade, 1926-1936. The University of Rochester School of 
Medicine and Dentistrj', Strong Memorial Hospital Pp. 208; illus- 
trated. Second edition. Rochester, N. "i.: B 3 ' the University. Price 
not given. 
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PERNICIOUS ANEMIA. 

Etiology. — Although the stomach in pernicious anemia lias held the 
interest and attention of many observers for over .50 years, especially 
since Henry and Osler^ described in this journal the morbid changes 
present, it was not until 1929, when Castle^ published, also in this jour- 
nal, his important observations, that an understanding of the role of 
the stomach began to unfold itself. These studies and subsequent con- 
tributions by Castle and a legion of investigators stimulated by his 
work, have not only established the pathogenesis of pernicious anemia 
upon a solid foundation but ha^'e also brought to light an understanding 
of the etiology and therapy of certain related macrocytic anemias, and 
have aided greatly in the establishment of the role of the gastro-intes- 
tinal tract in some microcytic anemias. Such information has also led 
to a rational therapeutic classification of the anemias. 

The classic description of the patient with pernicious anemia has long 
included-many characteristics which may make diagnosis by inspection 
from the foot of the bed possible. The rather well nourished lemon- 
tinted individual with blue eyes, fair complexion and prematurely 
gray hair is familiar to all of us. And further, the rarity of the disease 
.in dark-skinned peoples and tropical residents has added to the convic- 
tion that a certain diathesis may underlie the development of this dis- 
ease. Pernicious anemia is rare in Egyptians. Orientals^ are pecu- 
liarly immune to its ravages. Negroes®-® seldom develop the disease. 
Only once was it diagnosed in approximately 8500 negro admissions 
to a large metropolitan hospital. At the Charity Hospital in New 
Orleans, however, Jamison® found its incidence somewhat higher. 
Many doubt its occurrence at all in the full-blooded negro. 

These interesting phases of pernicious anemia have prompted Fried- 
lander'^ to analyze 500 cases from the standpoint of constitutional types. 
His results confirm the greater frequency of the disease in white races. 
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especially in temperate zones, and further tend to show that within this 
group the light complexioned, fair-haired individual is most often 
affected. Percentage occurrence in Nordics was high. Dark comple.x- 
ioned and heavily pigmented patients almost invarialily gave a history 
of fair complexioned ancestors or siblings. 

The evaluation of such a factor, especially since many patients do 
not fit the constitutional type, is so bound up with the complexities of 
heredity that until analyses reach a mathematical stage, one must be 
satisfied with generalizations. 

Barron* states that seldom do pernicious anemia and tuberculosis 
occur together. Those with pernicious anemia are practically free from 
tuberculosis, and on the rare occasions when the two diseases are asso- 
ciated, miliary tuberculosis is somewhat more common than other tjqies. 
When associated in the same patient, each disease appears to run a 
course entirely uninfluenced by the other. To Barron the infrequent 
association of the two processes means antagonism. On the other hand, 
there appears to be an association betiveen diabetes mellitus and per- 
nicious anemia. Watson® regards the relationship as more than coin- 
cidental. In 24 of 31 cases, Root'® noted the occurrence of dia!>etes 
before the onset of the anemia. Watson also noted this relationship. 
Possibly the effective therapj’’ now in use in Iroth diseases has increased 
the occurrence of the two simultaneously. Both, as well, liave impor- 
tant hereditary aspects. Certain diabetics follow diets which could 
easily be inadequate in elements necessary for proper hematopoiesis, 
especially in the pi-esence of altered gastric secretion often seen in 
diabetes. 

The literature contains many data tending to demonstrate an inter- 
relationship betAveen pernicious anemia and idiopathic hypochromic 
anemia." Heath has described a family with what he believes to be 
an inherited tendency to reduced gastric function. Pernicious anemia 
and idiopathic hj'pochromic anemia Avcre both present in 3 sisters, 
and other members of the family displayed borderline cases of both 
macrocytic and microcytic anemia. Reports'® are on record of the 
transition of the microcytic anemia into a macrocytic type. 

When Castle'* published his epoch-making observations demonstrat- 
ing the presence in the gastric juice of normal individuals of an hitherto 
unknown substance, the intrinsic factor, which in the presence of certain 
foods, notably beef protein, an extrinsic factor, yielded a product Avhich 
on absorption into the blood stream caused a remission in pernicious 
anemia, the way for an intelligent understanding of macrocytic anemia 
was cleared. The intrinsic factor Avas .shoAvn to ije related to no knoAvn 
substance in normal gastric juice. Storage of this jiroduct, or one de- 
rived from it, appeared to occur in the liver. Thus, not only Avas it 
possible to correlate intelligently the efficacy of such preparations as 
hog stomach and liver in the treatment of pernicious anemia, but the 
relationship of many conditions producing the pernicious anemia blood 
picture could then be Avorked out. _ 

Castle and his associates'^'-''’-'''' define pernicious anemia as a defi- 
ciency disease conditioned by the lack of a specific factor. They 
describe three reactions by Avhich macrocytic anemia may bo prodiiccf! : 

], pernicious anemia due to a lack of the intrin.sic factor; 2, .sprue, and 
at times pernicioiis anctnia, mainly due to a lack of the extrin.sie factor; 
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and 3, pernicious anemia due to defective absorption or utilization of 
the product of interaction of the intrinsic and extrinsic factors. 

One is easily confused by the diversity of opinion regarding the nature 
of the extrinsic factor. Not only does it occur in beef muscle, but it has 
also been demonstrated in many other foods such as liver and liver 
extract, rice polishings, autolyzed yeast and eggs. The statement by 
Castle in 1932 that the extrinsic factor was vitamin B 2 and a subse- 
quent communication,^^ that the reactions of the extrinsic factor corre- 
spond to those of vitamin Ba have led to considerable investigation of 
the subject. Wills’^^ and Wills and Naisld® were unsuccessful in then- 
attempts to confirm the views of Castle. Lassen and Lassen^® were 
also unsuccessful in demonstrating a relationship ‘ to the vitamin B 
complex and an editor’s note in their paper quotes Castle as being pre- 
pared to relinquish his views. Miller and B.hoads,^'’ however, feel that 
the small amounts of vitamin B used in Wills’ observations make her 
work inconclusive. By incubating 100 gm. of egg Avhite containing 20 
rat units of vitamin B 2 with 150 cc. of normal human gastric juice, 
reponses were obtained. Similar results were obtained with rice polish- 
ings, a substance with a known high content of vitamin B. 

With such conflicting evidence one can but conclude that the ques- 
tion is still an open one. Whether or not the extrinsic factor is the vita- 
min itself, it is found uniformly in foods rich in the vitamin B complex. 

No more settled than the identity of the extrinsic factor is the nature 
of the intrinsic factor. It is thermolabile and according to Castle’s 
theory, requires a substrate (the extrinsic factor), properties which are 
ufeually identified with enzymes.^' Contrariwise, the work of Morris^^ 
has demonstrated its ability to withstand the chemical treatment 
known to destroy enzymes. It is dialyzable and exhaustiljle, observa- 
tions which have led Morris to the hoi-monal concept (“addisin”). 
The work of Greenspon^^ favors the latter view. The nature of the in- 
trinsic factor remains, then, an unsolved problem of hematology and 
gastro-enterology. 

Since the nature of both the intrinsic and extrinsic factors is unknown, 
it is not surprising that the nature of the product of their interaction, 
the hematopoietic factor, is also unknown. As with the building stones 
which allegedly produce it, attempts to purify, isolate and identify 
the principle have not met with success. Nevertheless, results of the 
investigation of its chemical nature have been most interesting. The 
work of Cohn is too well known to warrant further comment. Recently 
Kyer-^ and Subbarrow, Jacobson and Fiske""* have attempted to isolate 
the active principle by adsorption on charcoal, and later elution with 
alcohol. By chemical manipulation the latter group has fractionated 
the active principle so obtained. Three fractions were obtained, two 
crystallin in nature. Although each alone was inactive, mixtures were 
highly active clinically. The relationship of these fractions to the in- 
trinsic and extrinsic factors is obscure. 

In their most recent observations, Dakin and West,-®’-® starting with 
commercial liver extract, have succeeded in obtaining a product 30 mg. 
of which causes a perceptible retoculocyte response and SO mg. a maxi- 
mum response in patients. The method of purification differs funda- 
mentally from that of Subbarrow, Jacobson and Fiske. Inactive 
material was removed by preeipitation with alcoholic calcium acetate 
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followed by precipitation of tlie active material with Reinecke acid. 
Further purification was done by a salting out process. Chemical 
analysis of the product obtained by Dakin and West and that of Sub- 
barrow, Jacobson and Fiske shows marked differences, for example, 
in nitrogen content, differences which are dependent, no doubt, upon 
the two methods of purification and upon the fact that neither product 
is a pm-e one. 

The theory of Castle has not gone unchallenged. At least four 
poups have raised objections.-\-“'-’"«'2‘’ The work of Castle swept 
into the discard the theory of toxins and toxic products as a cause 
of pernicious anemia. A renewal of interest in tliis theory appears to 
be arising with the reports of European observers^® of success in pro- 
duction of remissions in pernicious anemia by the intravenous injection 
of Congo-red. The reported confirmation of these methods by Mermod 
and Dock=® in this country led the latter observers, because of known 
neutralizing effects of Congo-red on toxic agents, to suggest a further 
exploration of the toxic theory. The demonstration by Wakerlin and 
Bruner®* of a toxic reticulocyte depressing factor in the urine of patients 
with pernicious anemia in relapse adds weight to the suggestion of 
Mermod and Dock. Macht and Gardner’s®® demonstration of the phy- 
totoxic action of pernicious anemia serum, persisting even in the stage 
of remission, lends further support to the toxic hjT>othesis. 

Wliile Mermod and Dock obtained reticulocjde responses in guinea 
pigs with Congo-red, therapy with this dye in clinical pernicious anemia 
was not carried to full remission. One must remember, too, that reticu- 
locyte responses occur to many products given parenterally in the 
absence of the specific response as seeii to liver in pernicious anemia. 
In recent reviews of the interpretation of reticulocyte responses by 
Minot®® and Minot and Castle®^ emphasis js laid upon the fact that such 
reponses to liver therapy in pernicious anemia “are ordei-ly and simu- 
late the curve for growth and death of organisms and their cells.” 
Such characteristics are necessary to proper interpretation and one 
should be hesitant in interpreting reactions not conforming to these 
characteristics as specific. 

As pre^uously stated, Morris and liis co-workers published evidence 
to show that a gastric hormone or enzyme, “ addisin,” acts as a stimulus 
to hematopoiesis in pernicious anemia without the necessity of an extrin- 
sic factor. This substance is supposedly diminished or absent in per- 
nicious anemia. 'IMiereas Conner®® reported cojifirmation of Morris’ 
A'ork, Fonts, Helmer and Zerfas®® were unable to isolate addisin by 
ultrafiltration unless some change has taken place in the pistric juice. 
Storage in the ice box for 2 months followed by concentration by ultra- 
filtration produced an active ]5roduct, as did fresh gastric juice con- 


centrated by vacuum distillation. 

Three possible explanations for the results are given: 1, There may 
be interaction of an intrinsic and an extrinsic factor. Although the 
extrinsic factor has not been demonstrated in human gastric juice pro- 
tein substances could act in this way._ The fact that signs of muscle 
destruction are absent at the site of injection and that fresh gastric 
juice concentrated by ultrafiltration is inactive is against an inter- 
action occurring at the site of injection. 2, The possibility exists that 
rcticulocvtes mav have been produced by toxic substances. TIic 
ob.scrvations of Minot have already been citeil that rcficulocytosis 
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may result from parenteral products, sucli as FoAvler’s solution and non- 
specific proteins. According to Minot, such responses are usually pro- 
longed and Avithout orderly progression, not unlike those of Morris 
and Fonts, Helmer and Zerfas. Fonts recognizes the unusual character 
of the reticulocyte responses obserA'ed by him and his associates. 3, 
The third-possibility is the actiA'ation of a gastric hormone. The data 
do not support this supposition. 

Morris^' also suggested that an excess of addisin, “hj'peraddisinism,” 
might explain erythremia and that gastric laA^age is rational therapy 
for this condition. The eAudence of Briggs and Oerting^® and Kraemer 
and Asher®® in carrying out this manipulation is not conclusiA’^e. h' urther- 
more, it is A^ery unlikely that the gastric principle does any more than 
add a factor Avhich is necessary to permit maturation of the red blood 
cells. Oxygen tension of the bone marroAA’^, not a gastric principle, 
appears to be the normal stimulus to red blood cell production. Were 
the gastric principle the stimulus, excess liver extract AAmuld necessarily 
produce polycythemia, a condition not seen in OA’^erdosage. 

In the interpretation of Bloomfield and Polland®® the theories of 
Castle play a narroAV and restricted role in hematopoiesis. These 
authors have folloAA'ed a group of individuals Avith unexplained gastric 
anacidity for periods A'arying from 1 to 12 years. There Avas no sugges- 
tion of the development of pernicious anemia. Attempts to demon- 
strate Castle’s factor in several cases of anacidity Avithout anemia 
failed.^® Quantities of hematopoietic factor found in the loAV-volume 
mucoid secretion of such patients hardly seemed sufficient to keep blood 
values normal. Says Bloomfield, “All this to our minds indicates that 
the absepce of Castle’s intrinsic factor in gastric juice does not neces- 
sarily lead to the dcA^elopment of pernicious anemia.” Only an occa- 
sional person requires such protection. Rarely folloAving gastric resec- 
tion does macrocytic anemia develop. In carcinoma of the stomach 
the anemia is usually microcytic. Desiccated dog stomach^' is only 
one-half as effective as that of sAvune. 

Greenspon®^ adds a ncAV interpretation to the results of Castle’s 
experiments in his postulation of a theory quite similar to that of 
Morris. Greenspon iDelieves that the hematopoietic response results 
from the activity of a gastric hormone A\'ithout the necessity of an ex- 
trinsic factor. His experimental data shoAv an hematopoietic response 
to gastric juice Avhen peptic actiAuty is destroyed or preA'^ented by alkali 
or cold temperatures. Pepsin, he states, has a strong affinity for protein 
Avhich adsorbs it from a fluid medium. Depepsinized but otherAA'ise 
normal gastric juice Avithout an extrinsic factor Avas found to be eft'ectiA^e 
in therapy. The beef in Castle’s basic experiment supposedly adsorbs 
the pepsin AAdiich then cannot destroy the hematopoietic principle. 
The effectiA'^eness of Amntriculin is ascribed to the inactiA’^ation of pepsin 
by the muscularis. It is possible on the other hand, that the extrinsic 
factor under attack Avas not completely excluded under the condition 
(FitzHugh"*®) of Greenspon’s experiments. 

Greenspon’s theory, as yet not confii’med, appears from the data gh-en 
to explain adequately anemias classified by Castle as due to a loss of 
the intrinsic factor. A consideration of thejanemias due to a loss of 
extrinsic factor alone finds small place in the interpretations of Green- 
spon. In such cases his explanations are Aveak indeed. He suggests 
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tlie possibility tliat the sulistance containing the so-called extrinsic 
'factor includes factors whicli stimulate cells of the stomach or furnish 
elements for synthesis. 

If the intrinsic factor is absent in patients with pernicious anemia, 
why do any red blood cells mature at all? Why should various patients 
have in relapse varjdng red blood cell levels? Such questions have 
stimulated Goldhamer^^-'*^-'’® to a study of these aspects of the disease. 
Castle had noted'^ a reappearance of the intrinsic factor in 1 patient 
following use of liver extract and suggested that the defective production 
of the intrinsic factor is relative and not absolute. Goldhamer’s results 
support this statement. He collected gastric juice from 26 patients 
with pernicious anemia in relapse. Secretion averaged 20 cc. per hour 
as compared with 150 cc. for the normal. Repetition of Castle’s experi- 
ment with this gastric juice in quantities comparable to those of the 
normal individual gave responses suggesting that patients with per- 
nicious anemia do secrete the hematopoietic factor but in deficient 
quantity. A direct relationship was found between the volume of 
gastric juice and the red blood cell level in relapse. It is conceivable 
that a defective supply of extrinsic factor might, in a patient with, a 
reduction of the intrinsic factor to a critical level, precipitate anemia. 
Such a mechanism may explain the response of some patients to auto- 
lyzed yeast,'*®-'*" especiallj' since these produets are not effecti^'e paren- 
terally.'*® 

To state simply that pernicious anemia is usually due to a loss or 
deficiency in the intrinsic factor seems simple enough. But why is it 
absent or deficient? The cause is apparent in gastrectomy, pol^Tposis 
and carcinoma of the stomach. But the why of its absence in true per- 
nicious anemia is seldom the topic of investigation. The work of Miller 
and Rhoads in demonstrating the disappearance of the intrinsic factor 
from the stomachs of experimental animals on vitamin B deficient diets 
appears to concern itself more with the pathogenesis of sprue and pel- 
lagra than with pernicious anemia. .The possibility of a constitutional 
factor Jias already been discussed. The work of Bloomfield and his 
associates correlates well with this view. The reduced volume of secre- 
tion with achylia gastrica is probably very important in the light of 
Goldhamer’s observations. That the principle may or may not occur 
in achylia*® indicates that it alone is an insufficient explanation. The 
absence of the intrinsic factor in the presence of free hydrochloric acid®” 
demonstrates the lack of dependence upon the acid factor. 

The extensive observations of Castle and his associates upon patients 
with sprue®” demonstrate its intimate relationship to pernicious anemia. 
The same systems (nervous, gastro-intestinal, hematopoietic) are 
involved in both diseases. Castle states that at times, “It was beyond 
our clinical ability to decide whether the condition under observation 
in Puerto Rico was sprue or pernicious anemia.” Patients demonstrated 
an interference with one of all three mechanisms possible in the develop- 
ment of macrocytic anemia. Sometimes the extrinsic, sometimes the 
intrinsic factor was lacking while in other cases absorption from the 
intestines wsis the important defect. Recently iMiller and Rhoad.s’* 
have demonstrated roentgenographic changes in tlie small intestine 
in patients with sprue. A return toward normal form and function 
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followed the injection of liver extract, suggesting that liver extract par- * 
enterally conditions the functional activity of the small intestine. 

Pellagra, as well as sprue and pernicious anemia, involves the gastro- 
intestinal, nervous and hematopoietic systems. The work of Miller 
and Rhoads^ on the effect of vitamin B2 deficient diets upon swine may 
be recalled here. Stomatitis, gastric anacidity and a macrocytic anemia 
amenable to liver therapy, resulted. Spies and Payne^® have shown the 
presence of the intrinsic factor in the stomach of pellagrins with achylia 
gastrica. The association of vitamin B2 with the extrinsic factor and 
its place as the alleged cause of pellagra gave promise in associating 
the two diseases. _The work of Spies and Payne,®^ however, speaks 
against such an association. In demonstrating that pellagrins improve 
on yeast, which when incubated with normal gastric juice, caused no 
remissions in patients with pernicious anemia, they suggest that the 
chemical substance in yeast utilized by the pellagrin to remit his dis- 
ease is not the same as the precursor of the anti-anemic factor in food. 

A fourth mechanism for the development of macrocytic anemia 
appears evident in the association of cirrhosis of the liver with macro- 
cytic anemia. While such an association has been known for years, 
it remained for Wintrobe and Shumacker^^ and Van Dujm®® to re-awaken 
interest in the subject. The occurrence of free hydrochloric acid in the 
gastric contents of these patients speaks against a mere association of 
cirrhosis and pernicious anemia. Such patients, then, are capable of 
producing and adsorbing, the hematopoietic factor; but, because of liver 
disease, they are either unable to store or further elaborate upon the 
principle. Goldhamer, Isaacs and Sturgis^®^ suggest that the liver may 
be sufficiently damaged so that the principle, although present, cannot 
be presented to the tissue for utilization. Its absence has been demon- 
strated in the cirrhotic liver. 

Van Duyn®® has suggested that the patients with rnacrocytic anemia 
and free hydrochloric acid should be suspected of liver disease. He 
regards this combination of findings as a sign of hepatic dysfunction. 
Such findings could be present as well in the macrocytic anemia of 
gastric syphilis or polyposis, intestinal stenosis and sprue. 

A number of negative findings of interest have been reported re- 
cently. Stare and Thompson®® can attach no significance to the flavines 
in pernicious anemia. Alt®^ finds only hypochromic anemia in experi- 
mental goats’ milk anemia. Previous reports have described this 
anemia as hyperchromic. Watson,®® having in mind the demonstra- 
tion by Hans Fischer of increased coproporphyrin in the urine of pa- 
tients Avith pernicious anemia in relapse, isolated this substance from 
the feces of similar patients. ^Wiile coproporphyrin has been identified 
in Germany with the erythroblasts and megaloblasts of pernicious 
anemia marrow, its significance remains unknown. The fact that it 
occurs in brewers’ yeast, and is increased by autolysis suggests a pos- 
sible reliitionship to the extrinsic factor. The American literature 
shows no investigation of this aspect of porphyrin metabolism. Helmer, 
Fonts and Zerfas®®’®® found no correlation between the pancreatic 
enzymes and the maintenance dose of liver extract. Goldhamer®^ has 
, found that the retarded rate of glycolysis in pernicious anemia is pro- 
portional to the red blood cells decrease. He finds that an increase in 
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the rate of glycolysis per hour per million red blood cells in early remis- 
sion is associated -with an increase in reticulocytes. 

Pathology. Postmortem observations, such as those of Brov-n.'^ 
have demonstrated a great variety of morbid changes in the gastro- 
intestinal tract of patients with pernicious anemia. In Brown’s series 
of 151 cases, 60 .showed evidence of old intraabdominal infection, and, 
in all- cases but 1, microscopic evidence of chronic inflammation was 
found. Chronic gastritis occurred in 41 of 42 specimens studied micro- 
scopically. Adhesions and partial intestinal obstruction were frequent 
findings. 

Although achylia gastrica has long been described as an invariable 
accompaniment of Addisonian pei-nicious anemia, note has already 
been made of occasional exceptions to this rule. Most studies of the 
gastric state in pernicious anemia have been carried out postmortem. 
Recent observations by Jones, Benedict and Hampton®^ in living pa- 
tients bj'^ gastroscopic, roentgenologic and direct observation at opera- 
tion demonstrate that, contrary to generally accepted views, atrophy 
of the stomach is not an invariable accompaniment of pernicious anemia. 
Under adequate liver therapy ov^er a period of months, all evidences of 
atrophj'- disappeared in 2 cases with a return to a normal appearance. 
Tissue sections at operation were confirmatory. An hypertrophied 
stomach was noted in 1 case and all showed evidence of chronic inflam- 
mation. 

Heck and Watkins®'* describe a “shift to the right” in the neutrophil 
of pernicious anemia. Exceptions were encountered, however, in which 
a shift to the left was found. No relationship of hjqjersegmentation 
to the degi-ee of anemia was observed. Einer structural changes in the 
nuclear skein were also noted. 

Symptomatology. Greatest interest in the sjTnptomatology of per- 
nicious anemia lies at the present time in the field of neurology. 
Such rare associations as the Parkinsonian sjmdrome with pernicious 
anemia deserve little comment. Brain tumor may be simulated even to 
the occurrence of papilledema.®®-®® 

There is great diversity in the statistics recorded by various authors 
as to the frequency of spinal cord and cerebral symptoms. For example, 
cerebral symptoms are reported in from 4 to 64% of patients.®'-®® 
Such great variations mean, no doubt, differences in criteria for their 
recognition. IMost symptoms of cerebral origin are those usually found 
and included in the term toxic psychosis. Hallucinations, apathy, 
clelusions, stupor and symptoms resembling the more important organic 
ps^-choscs are present. Diversity of opinion lies not only in the expres- 
sion of such symptoms Init also in their relationship to the pernicious 
anemia. Tenny and Goldstein®® arc of the opinion that familial and 
personal predispositions are important factors in their production. 
O.sgood,®® as well, concludes from 17 cases analyzed that the association 
of psychoses with pernicious anemia is proiaibly largely incidental. 
On the other hand, I’arfitt'® and Preu and Geiger'* believe that, through 
toxemia or actual organic lesions, jieniicious anemia is directly resjjons- 
ible for the psvchotic manifestations. The latter ob.servers attribute 
the diffeience.s' in inter])retation and incidence of the .symptomatic 
j)svchoscs to the failure of the internist to apply the established criteria 
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of psychiatry to these patients and a similar failure on the part of the 
psychiatrist to recognize the accompanying anemia. 

The incidence of cord changes is reported much higher than the inci- 
dence of cerebral changes. Goldhamer, Bethell, Isaacs and Sturgis®^ 
found 364 out of 40S eases with neurologic changes. Of these, posterior 
column involvement occurred in 89.2%, lateral column involvement in 
41.6%, and combined disease in 40.7%. 

Diagnosis. The group of seemingly unrelated clinical states pro- 
ducing the pernicious anemia blood picture, for example pernicious 
anemia, sprue, celiac disease, multiple intestinal anastomoses and fish 
tape-worm infestation, although all having in common one factor, the 
involvement of some portion of the gastro-intestinal tract, defied ade- 
quate explanation of their relationship to each other until the work of 
Castle in 1929. Since then, as has. been mentioned under Etiology, a 
classification of the macrocytic anemias according to mechanismal 
disturbance has been possible. Disturbances in pernicious anemia, 
sprue, pellagra and cirrhosis of the liver have already been mentioned. 
In the macrocytic anemias of gastric syphilis and carcinoma, polyposis 
of the stomach and gastrectomy, the pathogenesis is evident. In intes- 
tinal adhesions, anastomoses and stenoses and in the diarrhea of celiac 
disease, a disturbance in absorption suggests itself. All patients showing 
the pernicious anemia blood picture deserve study for the presence of 
one of these detectable disturbances, cure of which may lead to perman- 
ent remission of the anemia. This is especially true in the presence of 
free HCl in the stomach, as suggested by Van Duyn.®® Although Van 
Duyn regards the presence of macrocytic anemia and free HCl in the 
stomach as a sign of liver dysfunction, it may be used as a sign indicative 
of macrocytic anemia associated with gross gastric disease or extragastric 
disease which may l^e capable of correction. 

The diagnostic approach of Beebe and Wintrobe’^ to doubtful and 
obscure cases of pernicious anemia is worthy of repetition. The gastric 
juice of the suspected case, when incubated with ground beef, is com- 
pared in its effects with that of known individuals when fed to known 
cases of pernicious anemia in relapse. The test is described as of diag- 
nostic assistance 1, when arteriosclerosis, infection and chronic disease 
make the response to therapy inadequate ; 2, in cases of damage to the 
spinal cord with little or no anemia when the blood does not make the 
diagnosis and 3, in patients with little anemia, receiving liver, and in 
whom, if treatment were stopped for diagnosis, nervous symptoms might 
develop. 

Treatment. Most patients with pernicious anemia may be treated 
adequately by the ingestion of liver. However, monotony of diet and 
distaste for liver, together with scientific inquisitiveness, have led to 
the development of many concentrated preparations of liver extract 
available commercially. Since therapeutic effect is dependent upon 
proper standardization of dosage the method of assay becomes most 
important. In the absence of the purified principle, assay depends 
entirely upon biological effects, and in this instance upon the reticulo- 
cyte response. 

Attempts have been made to free the assay of liver products from 
dependence upon patients in relapse. Laboratory animals, especially 
guinea pigs and pigeons, have been used for this purpose. Jacobson^'’ 
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in controlling the variables of diet and environment in the guinea pig, 
and with the use of control periods, reports the demonstration in picked 
animals of reticulocyte responses, a quantitative expression of hema- 
topoietic activity being recorded as guinea pig units. Such assays 
conform with expected results^^ Avith the liver of patients with pernicious 
anemia in relapse and in remission, as well as with the lir'er of non- 
anemic patients. 

On the one hand, the Avork.of Jacobson has been confirmed,^® on the 
other hand, Goodman, Geiger and Klumpp” report responses similar 
to those of Jacobson after normal saline alone. They interpret all their 
reactions as spontaneous or non-specific. 

Attempts to use as test animals pigeons on an inadequate diet to 
decrease the percentage of circulating reticulocytes have given results’* 
indicating wide fluctuations in percentage of reticulocytes without 
significant effects by the test substances. Such observations indicate 
clearly that for accurate therapeutic assay, we must still rely upon the 
patient in relapse. 

Minot’s interpretations of reticulocyte responses have already been 
noted. He states further that the character of the reticulocyte response 
varies with; 1, the initial red blood cell level; 2, the amount of active 
material gii^en; 3, the portal of entry; 4, the rate at wliich the materials 
enter the body and, 5, the reactive state of the bone marrow. The 
initial red blood cell level is most important in biological assay. Reticu- 
locyte responses expected with full dosage of active potent material 
have been ivorked out for the various initial red blood cells levels below 
three million. Bethell’® and Bethell and Goldhamer*® have shown that 
the reticulocytes bear an inverse relation to the number of red blood 
cells. Mathematical exTiressions of these relationships have been formu- 
lated for both oral and parenteral administration. Recent establish- 
ment of such criteria for potency of liver preparations by the Council 
on Pharmacy and Chemistry of the American Medical Association*^ 
places the commercial preparations so approved upon standards which 
assure the physician of the potency of the material used. 

There have been three well knorvn methods used to increase the 
potency of liver. Methods of concentration such as that of Cohn, of 
Subbarrow, Jacobson and Fiske, and of Dakin and West have already 
been considered. Increased potency has also been claimed b}" liver 
autolysis. By this method Herron and hlcEllroy*- claim to have pro- 
duced a preparation Avith an oral dose approaching that of the parenteral 
route. A commercial preparation Avas offered to the profession upon 
the basis of. this Avork. Castle and Strauss,*-'’ howeA'er, found that with 
both experimental and commercial autolysates less hematopoietic 
activity rcsidted than Avith comparable amounts of liv-er from Avhich 
they Avere derived. Their analysis of Herron and oMcEllroy’s cases 
does not support tlie reported conclusions. Ivlumpp’s results’” are in 
complete agreement Avith those of Castle and Strauss. He found, how- 
ever, that the autolyzed liA'er is effectiA’c in the initial and maintenance 
treatment of pernicious anemia and that the autolyzed liver concen- 
trate Avas more potent than a commercial extract derived from the same 
amounts of liver. Conner and McQuiston,** from their results Avith 
autolvzcd liver, state that “It seems justifiable to say that the prepa- 
ration which we used in clinical trial (commercial preparation) is not 
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reliable in tbe dose recommended and in some cases it is not reliable 
in even double this dose. It seems that it cannot be said definitely 
that antolysis either increases or decreases the effectiveness of liver 
in the treatment of pernicious anemia.” 

The third method in use for increasing the potency of liver prepara- 
tions is digestion with normal gastric juice. First carried out in Europe 
with whole liver, the procedure has been repeated in this country both 
with whole liver and liver extracts. Although Barnett and Thebaut^® 
were unable to obtain positive results the subsequent work of Walden 
and Clowes®’ and. Fonts, Helmer and Zerfas®®"®’ demonstrates con- 
clusively a marked increase in x^otency of extracts so treated. Assays 
were carried out upon clinical cases of pernicious anemia. Maximal 
reticulocyte responses were produced only when definite amounts of 
gastric juice and liver extract were used. Fouts and his associates 
believe that the increase in potency is a result of the type exemplified 
by the interaction of beef muscle and gastric juice rather than an actual 
increase in the active principle originally present in liver. 

The production of active preparations suitable for parenteral use 
has led to a widespread adoptiqn of this form of therapy. McHenry, 
Mills and Farquharson,®® although finding the potency of intramuscular 
extracts approximately thirty times that of oral products, find no 
better results than with adequate oral therapy. Parenteral therapy is 
distinctly advantageous in those patients in severe relapse or those 
refractory to oral therapy. 

There are distinct advantages to intramuscular therapy. Murphy®® 
enumerates the advantages as 1, certainty of dosage under absolute 
control; 2, rapid response in severe relapse; 3, response of “resistant 
cases;” 4, efficacy of treatment in combined system disease; 5, conven- 
ience of infrequent injections in uncomplicated cases; 6, economy in the 
cost of material; 7, the freedom of the patient to travel. He®^ has found 
it possible to maintain patients upon extracts from 100 gm. of liver with 
injections at 1 to 6-week intervals. Sherman®® has spaced doses at 
weekly intervals but was unable to determine the exact dosage before 
treatment. Others as well®®-®® have been able to space injections, as 
infrequently as 1 month apart in some cases. Individual variations in 
patients, however, are most important in the determination of the 
proper amount and the spacing of medication. Intravenous prod- 
ucts®®-®® have been successful in preliminary studies but as yet are 
undesirable for routine treatment. 

The method of Haden’®® for the determination of adequacy of treat- 
ment is both simple and satisfactory. Since glossitis and parasthesias 
may disappear and the blood values may be above the accepted lower 
limits of normal, yet submaximal for the individual under considera- 
tion, the red blood cell count alone is unsatisfactory. Haden believes 
thatmacrocytosis supplies a sensitive indicator of adequacy of treatment. 
“This is the first hematologic manifestation of the disease and persists 
when all other signs are gone, so is by far the most valuable indicator 
of the deficiency.” Absence of macrocytosis, then, indicates complete 
remission. 

The greatest controversy in the treatment of pernicious anemia lies 
not in the hematologic response but in the response of neurologic 
changes. Reports are most conflicting, due in part according to Garvey, 
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Levin and Guller'“i to the variations in criteria used. Subjective find- 
ings often improve with therapy. These, too, may lie difficult to evalu- 
ate in a patient with cerebral symptoms. Also, subjective findmgs are 
inherently difficult to classify.®* Spontaneous variations in the absence 
of treatment may add further confusion to interpretation. There are 
those®*'®^ who believe that liver therapy may not only aiTest the progress 
of nervous manifestations but may actually cause objective signs to 
disappear. Most authors®^-®*-'®^-'®®-’"* are less optimistic. Farquhar- 
soffi®* reports complete arrest of the progress of the neurologic manifes- 
tations in all patients taking the prescribed amount of liver and im- 
provement in neurologic symptoms especially if of short duration. 
Best results were obtained with intramuscular liver. Adequate dosage 
is described as the amount required completely to arrest progress of 
the lesion. Since such doses cannot be predicted, Farquharson suggests 
the use of two to three times the dose commonly used without cord 
lesions. Alills' results have been somewhat similar. 

Fonts and Zerfas have observed patients in whom large amounts of 
liver extract wer,e insufficient to prevent progress of nervous involve- 
ment. Grinker and Kaudel believe that liver is not effective in prevent- 
ing cord degenerations. Goldhamer, Bethell, Isaacs and Sturgis found 
improvement in symptoms in less than 50% of the cases and in signs 
in about 2% with adequate anti-anemic therapy. They believe that 
anti-anemic therapj^ does not have a specific curative effect upon spinal 
cord degeneration but contributes only indirectly to such improvement. 
The course of the disease in individual cases varied widely. 

Strauss, Solomon, Schneider and Patek'®^ list as reasons for failure 
of results to agree: 1, evidence of the effectiveness of treatment must be 
judged by the e^'idence of arrest of the process and not bj' the degree 
of improvement, for regeneration of destroyed spinal nerve cells cannot 
be expected any more in pernicious anemia than in tabes dorsalis; 2, 
the improvement in the neurologic state may be entirely due to improved 
general health, reeducation and similar factors. Peripheral nerve 
changes may completely disappear; 3, cord lesions do badly in the pres- 
ence of sepsis; 4, short observations may lead to abandonment of hope 
of improvement before adequate therapy is given. Their results indi- 
cated: 1, in no instance did an objective sign progress nor a new one 
appear; 2, subjective improi'emcnt occurred in all patients; 3, except for 
gait and paresthesias, about 58% of all abnormal signs were objectively 
unchanged. Wiu.i.vm A. Sodemax, ]\I.D. 
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PREMATURITY AND IMMATURITY AS MEDICAL PROBLEMS. 

According to Hess' a iiintiirc bahy is one iiorn at terni, or at tho 
end of from 270 to 290 days of gestation, irre.spcctive of tlie degree of 
development of the baby. Classified as immature is any infant, -svhctlier 
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a single or multiple birth, born prematurely, at term or even past term, 
whose weight is below 2500 gm. (5| pounds). Such infants are not 
completely prepared for full, normal, independent extrauterine exist- 
ence. Premature infants comprise a large number of those classified 
as immature. A consideration of premature infants would not cover 
all of the problems of the undersized baby as there are many born in 
single birth beyond the average normal period of gestation which, 
because of their Aveight and size, must be considered in this category. 
There are also the majority of infants of multiple births who qualify 
for this classification. 

The problem of the undersized and underdeveloped infant has 
receh’^ed much consideration from the medical profession. Methods 
and apparatus for the care of these haA^e been Avell established for many 
years. As a result, innumerable cases have been reared successfully 
by the physicians of this and other countries. Although the presence 
of a problem of this sort Avould hold the interest of the family and 
closer circle of friends, as a rule, the general public has been unaAvare 
of these cases except in unusual instances. The reAvard of the host of 
doctors, AAdio have participated in the direction of the care of these 
babies, has been found in their oAvn satisfaction in the results. The 
multiple delivery resulting in the birth of .the 5 female babies, noAV 
famous as the Dionne quintuplets, has centered the interest of the 
Avorld in their problem, and has aroused professional and lay interest 
in the protection and care of the subnormal baby. Through the 
interest manifested and by means of the funds secured from various 
sources, it has been possible to crystallize around these sisters all of 
the Avorthwhile developments of previous decades. 

Early in the consideration of this subject the question arises as to 
the frequency Avith Avhich immature and premature babies are seen. 
Inquiry was made to several national and federal agencies. From the 
lack of reply on this point it is presumed that such figiues are not 
aA^ailable. The certificates of birth in use do not require information 
on this point. The only statistical data aA'^ailable are the mortality 
figures for premature infants, as arranged by Dunn^ as follows: 

Death and death rate per 100,000 esti- 
mated population from premature 
birth in United States, 1930-1934. 


Year. Deaths. Kate. 

1934 35,102 * 

1933 32,953 2G.2 

1932 33,143 27. G 

1931 34,477 28.9 

1930 :37,433 31.6 


* Not available. 

Dr. E. C. Tandy^ summarized these figures as folloAvs : “ The number 
of deaths under 1 year from premature birth in the United States in 
lf)33 Avas 32,953, and in 1934, 35,102. The majority of these deaths 
occur in the first month of life. In 1933, 31,790 occurred during that 
age period.” From a table furnished by her, based upon Bureau of 
Census figures, are noted on page 142. 
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Year. 

Death under 

1 month. 

Ilate per 1000 
live births. 

1921 

- 27,932 

16.8 

1922 

■ • • • ■ 26,835 

17.0 

192.3 

26,816 

16.7 

1924 

27,409 

16.7 

1925 

• ■ 26,075 

16.4 

1926 

26,334 

17.0 

1927 

25,300 

16.2 

1928 

25,273 

16.7 

1929 

• ■ 24,149 

16.5 

1930 

23,204 

15.7 

1931 

21,426 

15.3 

1932 

20,629 

15.1 

1933 

■ . . 19,718 

15.3 


These figures shoiv a tendency toward a decrease in the total number 
of deaths of premature babies during the first month of life. The 
mortality rate of such deaths per 1000 living births has fallen in a 
period of 12 years from the highest rate of 17 to 15.1. l^Tien the 
number of deaths during the first month of life is compared with the 
total number, of deaths of premature babies for the years that such 
figures are available, it is seen that the great preponderance of such 
deaths occur in the first month. Trematmre and immature babies 
that can be carried beyond this age have far better and increasing 
chances of survi\dng. Although there has been a decided decrease in 
tlie mortality rate for this age period of premature babies as shoira in 
the above table, the toll is excessively high. 

On the basis of the generally accepted classification of prematurity 
on a weight of less than 2500 gm., Milio^ studied 1000 deliveries. The 
majority of the infants were born between the 270th and the 290th 
day of pregnancy. The majority of the infants born during the usual 
physiologic limits of pregnancy weighed from 3000 to 3500 gm. and 
were considered as normal. A considerable number weighed less than 
2500 gm. and were imperfectly developed organicallj' and functionally, 
or immature. In such babies the intrauterine life, although it may 
have been within the normal limits, had not been sufficiently long for 
these infants to mature. On the other hand, some of the babies in 
pregnancies shorter than 270 days were of the normal birth weight 
and apparently mature. Therefore, there must be some other elements 
besides the length of gestation wliich determine whether or not the 
baby is to be normal in size and development. About 12.9% of the 
1000 cases studied by Milio is’eighcd less than 2500 gm. This included 
only those bom alive. He found that the following were the causes 
of the immaturity: “In 21 per cent, renal disease of the mother; in 
1(5.2 per cent, multiple birth; in 15 per cent, diseases and anomalies 
of the organs of parturition and of the sexual organs, and in ll.C per 
cent syphilis of the mother.” Other causes were acute infectious 
diseases, diseases of the heart, tuberculosis and anemia of the mother. 
He could find no explanation in 21% of the cases of his series. 

Hilgenberg'' observed in his clinic, between 1925 and 1930, 43GS 
deliveries. There were 214 living children weighing less than 2500 gm. 
This was iin inciflencc of prematurity of 20.4%. Of these, 20% died 
before the age of 10 days. According to Clifford,' the premature group 
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represents about 3% of tbe total births, but contributes one-half of the 
total neonatal deaths. Over 80% of the premature fatalities occur 
during the first 48 hours after delivery and pediatric care is Avithout 
avail in preventing tliese deaths. He urged that this mortality can be 
reduced by delaying induction of pi-emature labor whenever possible 
until a viable baby can be assui-ed. His method is to make an esti- 
mation of the Aveight of the fetus in utero through mensuration of the 
occiptofrontal diameter of the fetal head by means of a modified roent- 
genometric technique. From this diameter the expected body Aveight 
can be judged. In the severer grades of toxemia the situation may 
arise Avhercin it is safer for the fetus to take its chance of being deliA'^ered 
as a premature infant than to run the risk of being stillborn if the 
pregnancy should be alloAved to continue. The risk to the fetus in 
prematurity can be determined from information as to its expected 
birth Aveight. The expectation of premature death is in direct propor- 
tion to the difference betAveen its Aveight and the average normal 
Aveight of a full-term baby. The smaller the baby the more likely is it 
to die. The old idea that 7-month babies are more apt to survive 
than those born at 8 months, is not borne out in fact. It is necessary, 
therefore, to consider the estimated Aveight of the baby against the 
severity of tbe toxemia in order to come to a decision. In pregnancy 
complicated by heart disease Avithout failure of compensation, there 
seems to be little danger of intrauterine death of the fetus and preg- 
nancj’' should be alloAved to continue as far as the maternal condition 
Avill permit, but it is important to the future of the fetus that deliA'^ery 
should not be delayed until congesti\'e failure develops, for this is 
another cause of high infant mortality. According to this author, 
the- influence of knoA\dedge as to the Aveight of the fetus in xdero in the 
management of certain types of pregnancy has contributed to the 
reduction of the stillbirth rate to 47 in 1933 from a leA’^el of 69 per 1000 
deliveries for the preceding 10 years. It has been instrumental in 
increasing the incidence of premature babies born alive from an aver- 
age of 27.6 for the preceding 10 years to 34.7 per 1000 deliA'-eries for 
1933. The proportion of premature babies Aveighing from 4 to 5 pounds 
at birth inereased from an aA-erage of 52% for the preceding years to 
61% during 1933. The premature infant mortality dropped for the 
first time in 5 years from 35 to 29%. 

Litchfield" endorsed the opinion that syphilis is in large measure a 
primary factor in causing premature expulsion of the fetus. In his 
clinic there Avere found 56 stillbirths of Avhich 40 had positive Wasser- 
mann records. Of these 40, 6 had a 4+ cord Wassermann. Autop- 
sies on 21 other stillborn babies shoAA’^ed definite syphilitic lesions in 9. 

Among other conditions during deliA'^ery requiring consideration, 
atelectasis is important. McGrath and Kuder® performed resuscita- 
tion on 21 premature babies delivered by them; 13 died; 11 Avere exam- 
ined postmortem and all shoAA'ed atelectasis except 1. Another frequent 
cause of neonatal death of the premature is intracranial hemorrhage 
resulting from trauma during birth. Hilgenberg (Joe. cit.) pointed 
out that in the underdeveloped infant the A’^ascular AA^alls tear A^ery 
easily and cause congestion of the blood Avhen subjected to force oAA'ing 
to the deficient deA'^elopment of the elastic fibers. Premature children 
also sufter more often from intracranial hemorrhage because of their 
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small size and the compressil)ility of their skull. The diagnosis of 
intracranial hemorrhage in the premature is extremely difficult for 
the reason that almost every premature baby presents the same picture 
as that of an infant with intracranial hemorrhage. Bonar® stated 
that tile diagnosis of intracranial hemorrhage of the newborn is based 
upon the symptoms of increased intracranial pressure. Minor hemor- 
rhages are the most difficult to detect. Somnolence is the rule, although 
some infants are hj^erirritable. In these the distressed or cephalic cry 
may be heard during sleep. Other signs are nystagmus, transient 
palsies of the eye muscles and minor cyanotic attacks. The two most 
important, but often unrecognized symptoms, arc continued intermit- 
tent protrusion of the tongue (Foote’s sign), and refusal to nurse. 
In the severe forms cyanotic attacks are more common, and there 
may be twitching of the facial muscles, increased muscle tone, rigidity, 
choreiform motions or athetosis, and even convulsions, as well as bulg- 
ing of the anterior fontanelle. 

The viability of premature infants is a mooted point. It is difficult 
to correlate for consideration in any particular case all of the factors 
for and against survival in the inheritance, in the infant itself and in 
the environment. However, there appear in the literature from time 
to time reports of the survival of very young and very small individuals. 
Fischer-Ban^“ recorded the survival of an infant of 6-2 months’ gesta- 
tion, weighing 600 gm. According to her, the pre^•ious low weight 
record with siirvi%-al was GSO gm. This child received teaspoonhd 
doses of tea for the first 12 hours, and after that a teaspoonful of breast 
milk e\'ery' 2 hours. After the 8th day it was fed breast milk from a 
bottle and it was able to' suckle at 3 months. 

The question of the anemias of prematurity has engaged the atten- 
tion of a number of obser\'ers. Josephs” studied a group of preniaturc 
babies during the first 3 or 4 months of life. He attempted to deter- 
mine the mechanism of the so-called physiologic anemia of prematurity'. 
From his study' of the reticuloc.vtcs he concluded that there is no basis 
for the idea that the fall in the red cells and hemoglobin was depended 
on hypoplasia in any strict anatomic sense. There was a period of 
failure to react to the' administration of iron that lasted from 6 to 
10 weeks after birth, the duration of the period depending on the degree 
of prematurity'. After this early' period of non-reactivity' there follows 
a short transitional period, after which administration of iron was 
followed by' a prompt respon.se of reticulocy'tcs with a rise in red cells 
and hemoglobin. There was no reason to believe that lack of stores 
of iron play'ed any part in the development or persistence of the anemia 
before the* end of the third month. Thereafter the rise in red cells 
without a corresponding rise in hemoglobin in untreated infants indi- 
cated the possibility that lack of stores of iron liad become an important 
factor. From tlic results reported in his paper it cannot be concluded 
that a low percentage of hemoglobin is in itself harmful, although 
probably' it is indicative of a condition that renders the infant more 
likelv to succumb to infection. In such cases, although iron may- 
raise the hemoglobin content, transfusion must s-till remain the method 
of choice in treating the condition as a whole. The evidence from this 
study does not permit of the conclusion that hh'cr is necessary as an 
adjunct of iron, though in individual cases it may prove of benefit. 
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The same of the problem of the premature has been the subject of con- 
ti'ibutions by Merritt and Davidson’’ and Abt.’’^ 

According to Lowenburg,'"’ although the general principles necessary 
in the care of premature babies are well established and widely recog- 
nized, the application of these without individual discrimination will 
not be successful. A procedure applied successfully in 1 case may fail 
when applied in the next. This attitude of versatility toward the 
variations of the problems that appear from day to day or even some- 
times from hour to hour is a prerequisite of success, especially in the 
very small baby. Among his recom’mendations are finesse of judgment, 
fine adjustment from day to day, and even the withdrawal or altera- 
tion of an order, if the reactions do not indicate that it is of benefit to 
the baby. In addition he emphasized intelligence and patience and the 
cooperation of a wise, calm and intelligent attendant. 

Jewesbury’^ pointed out the distinguishing characteristics of the 
premature child. The undeveloped state of the nervous system not 
only makes it more sensitive to external influences but also causes 
an inability to regulate and to maintain body heat. The relative 
surface area of the body is larger than in the normal baby and there 
is also an absence of subcutaneous fat. The suckling and swallowing 
reflexes are feeble or absent and, therefore, the nutritional intake is 
low. The underdeveloped state of the digestive system makes it more 
difficult for the premature baby to deal with any food except mother’s 
milk. If this is rich, it may be necessary to modify the concentration 
of this to meet the capabilities of the premature stomach. There is a 
general low state of vitality with a consequent lack of resistance to 
infection. The heart, the lungs or other organs may be defective or 
too underdeveloped to function properly. This is the exception rather 
than the rule. In managing the premature baby prenatal conditions " 
must be- continued as far as possible. The essentials are warmth, 
suflacient fluid and food of a suitable kind and protection from infection. 

Infection is an important element in infant mortality without regard 
to maturity or prematurity. Obviously the latter increases the hazards. 
Grulee, Sandford and Herron’® studied 20,061 infants from birth to 
9 months of age. Of these, 48.5% were totally breast-fed, 43% par- 
tially breast-fed, and 8.5% artificially fed. The total morbidity of the 
breast-fed group was 37.4%, of the partially breast-fed group 53.8%, 
and of the artificially fed group 63.6%. The average mortality of 
these infants was 1.1%. Of this mortality, 6.7% were in the breast- 
fed group, 27.2% in the partially breast-fed group, and 66.1% in the 
artificially fed group. 

Although the principles of the care of the premature baby are classical, 
it may not be amiss to review these with Jewesbury {loc. cit.). Special 
care must be taken from the moment of birth. The baby should be 
placed at once in a properly warmed receptacle. In order to minimize 
handling, it is recommended that the baby should not be oiled before 
6 hours after birth, but the cord must be attended to in the regular 
manner. If the baby is very feeble, it should not be weighed. All 
the details of nursing, care and handling are exceedingly important, 
the main object being to conserve the baby’s warmth and energy. At 
the outset the skin should, be cleaned with olive oil every second or 
third day, until there is a steady gain in weight, after which the infant 
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should be oiled every day. When a weight of alroiit 5 pounds has been 
attained, and then only if the baby is vigorous, a bath may be begun 
at first onlj^ every other day. TJie room temperature must be main- 
tained at from 70 ° to 75° F., and when the baby is to be handled it is 
advisable to have even higher temperatures. In the maintenance of 
heat the cradle or basket is an important factor. Formerly incubators 
were used, but these have been found not to be essential. An elec- 
trically heated bassinette or a basket or cradle heated by some other 
means may be used. The source of heat and the method of seeuring 
this is not so important as is the necessity of regulating it to meet the 
varying needs of the infant. This is best judged by means of the 
temperature of the baby taken rectally. The clothing is an additional 
factor in the maintenance of the body heat. There are individual 
preferences as regards the clothing but Jewesbury’s recommendations 
conform to the usual standards. He uses a binder of crepe bandage 
until the cord is off. A jacket is made by dividing Gamgee tissue and 
covering one side A^uth gauze. This can be Avashed from time to time 
and is held in place better than the loose strips of Avool or cotton that 
are sometimes used. A suitable petticoat and a Avoolly coat or SAA'eater 
is used. The head should be cornered AAuth wool or a small woolen cap 
or bonnet. The feet and legs should abvays be kept Avarm and for 
this knitted Avoolen bootees that come Avell above the knees should 
be used. The napkin should be soft and not bulky and need not be 
fastened until the child begins to be actiA'e. During the early phase 
it may be preferable to use a triangle of sterile cotton batting. Over 
all of the clothing a soft Avoolly shaAvl or light blanket should be added, 
so arranged that a corner can be used to cover the head of the baby. 

In addition to the maintenance of body temperature the problem 
of fluid and food is the earliest need. The daily requirement of fluid is 
from one-sixth to one-fifth of the body Aveight. The amount of food 
and the frequency of feeding depend on the age, size and digestive 
capacity of the indiA'idual baby. Sometimes it is necessary to give 
the fluid at 2 or 2|-hour intervals, and in rare cases more frequently, 
but the 3-hour interval is usually satisfactory. The longer intervals 
shoidd be aimed at in order to giA'e the stomach time to empty and in 
order to alloAV the child more rest. Breast milk is usually preferable. 
This may be obtained from the mother or from other sources, and its 
concentration modified as condition requires. Usually it is necessary 
to feed this indirectly by means of a pipet, Breck feeder or bottle, 
but as the child groAVS and gains in A’igor it may be suckled. 

Hess'’ also stressed that each premature baby is an indiA-idual feeding 
problem. He emphasized that Ammiting and cyanosis are contra- 
indications against increase in feedings. He stated that Ave must liaA'e 
a definite idea of the minimum food requirements for life. _ The amount 
of food necessary to maintain at least a stationary Aveight must be 
given, and in addition enough food to meet the requirements for groAvth 
and development. As soon as possible the feedings must be increased 
to from 90 to 100 calories per kg. of body Aveight per day and from 
one-sixth to one-fifth of the body Aveight in fluids as represented in the 
food and additional water. Under average circumstances this should 
be possible bv the 10th to the 20th day. He recommended that from 
140 to ISO cc. of breast milk per kg. of body weight daily should be 
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given. In Hess’ Clinic skimmed lactic acid milk is added to the feed- 
ings of many infants. Such additions are started on the 4th or 5th day. 

Lowenbnrg {he. cit.) placed the daily caloric needs of premature 
babies at a minimum of 50 calories per pound daily and most of them 
at from 70 to 100 calories. He gave the fluid requirements as 2|- ounces 
per pound of body weight per day. This amount should include the 
fluid given as such as well as that representing the feedings. Although 
he recommended the feeding of human milk, this author has found 
tliat evaporated milk is of great value in the care of the premature 
baby. He stated : “ It truly represents mnlfiim in yarw in a digestible 
form; Prematures as well as other newborn babies have no difficulty 
in digesting evaporated milk, either diluted with water, with 5% 
glucose or with the hydrating solution of Kugelmass. It may be 
thoroughly digested, diluted or even entirely undiluted. Both cow’s 
milk and human milk provide about 20 calories to the ounce, but evapo- 
rated milk represents 40 calories. Because of this additional food 
value one-half as much may be used in balancing the caloric needs of 
the baby. All sorts of combinations may be devised where indi- 
vidualization is most needed. In the babies that suckle well, have a 
fair stomach capacity and do not regurgitate, the problem of feeding 
is comparatively simple. Lowenburg rated tube feeding as of great 
value, but recommended feeding with a dropper or Breck feeder as 
preferable. In cases whefe tube feeding must be resorted to, he urged 
the avoidance of the nasal route because of the great danger of otitis 
media. 

The problem of the reduction of the infant mortality rate in the 
United States is based ^"ery largely on the reduction of the premature 
births as nearly one-half of the deaths of the first year of life occur in 
the first month and nearly one-half of these are the result of premature 
birth. Our means and methods of caring for the underdeveloped baby 
are excellent, but the best results follow the individualization of the 
cases rather than the inflexible adherence to the set principles. The 
mortality rate may be greatly lowered by decreasing the incidence of 
premature births. Prenatal care of the mother is the main factor in 
accomplishing this. Careful handling and treatment of syphilis, 
tuberculosis, cardiac and renal disease, anemia and other diseases must 
be the rule. Another point to be emphasized is the avoidance of 
induction of labor until as late as possible in those cases where sm-gical 
intervention is necessary. 
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An Instrument for Uniformly Applying Painful Stimuli of Varying 
Intensity (Demonstration). — AIichael Kniazuk (Merck Institute of 
Therapeutic Research, Rahway, New .Jersey). One leg of a medium- 
sized forceps is broken by inserting a hinge and held in position by a 
tensed spring. In pinching, the force exerted between the tips of the 
forceps depends only upon the tension of the spring, which is adjustable. 
After the preselected tension, which may range between L50 and 
4.50 gm., has been reached the spring is automatically released. The 
compression, and thus the intensity of the stimulus, is independent of 
the thickness of the object between the jaws of the forceps. 

Improvements in the Testing of Analgesics and Local Anesthetics 
(Demonstration).— Hans Molitok, Albert Latven, and Harrv 
Robinson (Merck Institute of Therapeutic Research, Rahway, New 
.Jersey). Testing of Analgesics. The method is based on the applica- 
tion of graduated pressure on mice’s tails and statistical evaluation 
of the results. Through the use of a large number of animals of the same 
strain for each test (at least 24 for each dose level) the influence of vary- 
ing individual and strain sensitivity is minimized. The results are 
based on percentage of animals affected, depth of anesthesia and flura- 
fion of drug action. An added advantage of the method is the require- 
ment of only small quantities of material for a complete test, the neces- 
.sai-v amount being at least 100 times smaller than when c.ats are used, 
j-’or drugs of the morpliin group the results are accurate within ^ ]S..o%. 
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Tcniuin of. Local Aiicfifliciica. The appliciition of painful stimuli of 
uniform, low intensity is made possible by Kniazuk’s new instrument. 
However, normal animals respond only irregularly to such weak stimu- 
lation and it is therefore necessary to amplify the visible pain reaction. 
This can be done by the induction of Sherrington pseudo pain reflexes 
through the injection of barbiturates. Animals sensitized in such a 
way respond regularly. It is then easy to dift’erentiate between effective 
and non-eft'ective concentrations of local anesthetics. By keeping the 
stimuli just above the threshhold value, it is possible to detect and 
evaluate very weak or highly diluted local anesthetics. 


The Anesthetic Action of Bulbocapnine.— Hans Molixor (Merck In- 
stitute of Therapeutic Research, Rahway, New Jersey). Bulbocapnine, 
tested with Eddy’s tail-squeezer, acts like an analgesic of a potency of 
about one-fifteenth of that of morphin. If, however, the compression 
acting as the painful stimulus is instantaneous instead of being grad- 
ually increased, as in Eddy’s instrument, practically no analgesic action 
is found in mice and cats. This indicates that the general analgesic 
effect of this drug is very weak, a result which is in agreement with 
clinical findings. Bulbocapnine possesses, on the other hand, a marked 
local anesthetic action which has not been described previously. In a 
frog nerve-muscle preparation a 5% solution greatly reduces and a 
10% solution completely abolishes the reaction to feradic stimulation. 
On the rabbit’s cornea complete anesthesia is produced with a 10%, 
marked anesthesia (in animals sensitized with Pernoston) with a 2% 
solution. For nerve-block anesthesia in rabbits and rats a 10% solution 
is effective. C’omplete topical anesthesia is obtained with concentra- 
tions as low as 2%. The anesthetic action is reversible in all cases. It 
is rather short in nerve-block anesthesia, where it rarely lasts for more 
than 1 hour, while the duration in topical anesthesia extends in many 
experiments over more than 3 hours. Controls performed with a 
Ringer’s solution of the same pH as the bulbocapnine phosphate solu- 
tion (pH 4.5) show that the anesthetic effect is caused by the drug 
itself. 


Clinical Assays for Male Sex Hormone (Capon Comb Growth Pro- 
moting Substance) in Human Urine — Normal Individuals.— L. P. Han- 
sen, J. F. McCahey, and D. Soloway (Departments of Chemistry, 
Urology, and Anatomy, Jefferson Medical College). With the object 
of ascertaining correlations between male sex hormone elimination in 
the urine and various dysfunctions or abnormalities in the human, 
diurnal specimens of human urine were collected, preserved with chloro- 
form, strongly acidified with hydrochloric acid and extracted with 
chloroform by prolonged heating on the water bath. The chloroform 
was separated, dried over neutral salt, and recovered by distillation. 
The residue was extracted with ether. The ether was removed and the 
residue was dispersed in olive oil, which was then used for injections 
into capons. Thi-ee capons ivere used for each test. Each capon re- 
ceived the extract from a 24-hour specimen of urine on each of two 
successive days. From measurements of the comb the maximum per- 
centage growth was calculated. 
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Normal individuals of various age periods were studied .with the idea 
of establishing a range of hormone elimination for a given period. In 
normal children below the age of 10 the response was found to be almost 
negligible. In normal young men between 20 and 30 the response varied 
from 21.9 to 30.5%.^ In composite intermittent day urine of young men 
of the- same age period the response was considerably higher. In|men 
of 50_ and above it was definitely lower than in young men, but not 
invariably so. In composite urine of normal females it was found to 
be somewhat higher than in boys below 10, but very considerably 
lower than in young men. Application on the comb of the capon of the ■ 
extract of urine from indivfidual normal young men, from the extract 
of composite urine of normal young men, and from composite luine of 
normal women, produced responses varying from about 15 to 25 times 
the response obtained by intramuscular injections. 

Clinical Assays for Male Sex Hormone in the Urine of Some Abnor- 
mal Cases.— Jaaies F. jMcCahey, L. P. Hansen, and D. Soloway 
(Departments of Urology, Chemistry, and Anatomy, Jefferson Medical 
College). Urinary assays for testis hormone were made in a group of 
individuals presenting certain abnormalities. The hormone was ex- 
tracted from the urine by the acid-chloroform method. Capons were 
used for test animals. The results obtained as compared to values found 
when similar studies were carried out on normal men were as follows: 

• Cases of Disturbances of Spermatogenesis {Azoospermia, Nccrospermia). 
The testis hormone elimination was slightly lowered. 

Cases of Hypopituitarism. Values obtained ranged from very low 
to about one-half normal findings. 

Cases of Abnormal Secondary Sex Characteristics in Women. Values 
exceeded those found in normal men. 

Arterial, Venous and Cutaneous Blood Platelet Counts in Men and 
Dogs Under Normal and Abnormal Conditions. — L. M. Tocantins 
(Department of Medicine, Jefferson Medical College). Mean values for 
the platelet content per c.mm. of blood, obtained from arterial, venous 
and cutaneous punctures in 40 normal young men: Arterial: 350,000 
d= 13,889. Venous: 310,000 11,937. Cutaneous: 250,000 7458. 

In a group of 14 normal young men examined during the winter (mean 
temperature 3° C.) the arterial and venous platelet counts were sig- 
nificantly higher than in a similar group examined during the spring 
(mean temperature 18.5° C.). There was no significant difference 
between the cutaneous blood platelet counts in these Dvo groups. 
There were greater differences between the arteriovenous, arterio- 
cutaneous and veno-cutaneous blood platelet counts in the winter than 

in the spring. , , • , 

In naturally occurring or artificially induced thrombopenias, the 
initi.al rise in the blood platelets is detected on arterial blood and coin- 
cides with a diminution or return to normal of the mean bleeding time. 
Cutaneous blood platelet counts may show a thromhopenia for seieiai 
day's after the arterial and venous platelet counts have returned to 
normal. Platelet counts in arterial blood below .50,000, per c.mm. are 
almost always accompanied by a prolonged bleeding time. 
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Platelets are probably utilized as the blood goes through the capil- 
laries. The rate and degree of this utilization will determine in a large 
measiu-e the relative platelet content of cutaneous and venous blood 
and eventually, of arterial blood itself. If an adequate supply of 
platelets is not available from arterial blood (real thrombopenia) and 
a stress (trauma, etc.) is placed on the capillaries and venules, the in- 
creased utilization of platelets will result in a deficit in their number, 
which will be reflected in prolonged bleeding and deficient hemostasis 
in the affected part. In a latent thrombopenia tile platelet count of 
cutaneous and sometimes that of venous blood is below 100,000 per 
c.mm., but that of arterial blood is often above that number, leaving, 
under ordinary stresses, a vdder margin available for utilization, the 
mean bleeding time being then normal or only very slightly prolonged. 

Electrical Changes in the Spinal Cord. — Joseph Hughes, G. P. 
McCouch, and W. B. Stewaht (Institute of the Pennsylvania Hospital 
and the Department of Physiology, University of Pennsylvania). In 
the spinal cord, the electrical changes recorded from leads placed longi- 
tudinally on the dorsal surface of the cord excited by a single volley 
in a dorsal root consist of a spike followed by a longer and lower nega- 
tive complex which is usually succeeded by a prolonged positive wave. 
The spike has l)een ascribed to afferent, the later components to inter- 
nuncial neurons (Gasser and Graham,^ Hughes and- Gasser^). I^Tiether 
the internuncial potentials arise solely from fibers or also from cell 
bodies is not known. We believe the results presented here afford a 
reasonable ba.sis for conjecture. Were their origin confined to axones, 
the reduction of a second volley by a preceding one would be expected to 
affect negative and positive components in like degree. In view of the 
demonstration that the overwhelming majority of afferents terminate 
upon internuneials (Hoff^), cases of reflex facilitation should be accom- 
panied by an approximately corresponding degree of increase in fiber 
, potentials. On the other hand, if central exeitatory state be associated 
'with a negative cell potential and central inhibitory state with posi- 
tivity of cells, the total electric picture might deUate from such corre- 
spondence in proportion to the changes in subliminal excitatory or 
inhibitory state in the cells contributing to the recorded potential. 

Results. In the case of inhibition of the ipsilateral flexor reflex by 
a preceding volley in a contralateral root, there is a reduction in height 
of the negative complex approximately proportional to the reduction 
in the reflex response. Far different is the fate of the positive wave. 
Instead of a proportional reduction, the positivity is eiriier almost or 
completely obliterated, even at intervals where negativity is only slightly 
reduced. 

Reflex spacial facilitation is reflected in internuncial potentials, 
though by no means uniformly to a degree approximating the facilita- 
tion observed in the myographic response. Temporal facilitation has 
shovTi a five-fold increase in myographic response to the second voile}’" 
with no increase whatever in the recorded cord potential. 

We belieA’^e these results suggest the presence of considerable cell 
potentials in the electrical response of internuncial neurones. 
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ORIGINAL ARTICLES. 

STUDIES ON TRANSIENT VENTRICULAR FIBRILLATION. 

in. The Prepibrillatory Mechanism During Established 
Auriculo-Ventricular Dissociation. 

By Sidney P. Scidyartz, M.D., ’’ 

■ ATTENDING CARDIOGRAPHER TO THE MONTEFIOHB HOSPITAL, NEW YORK CITY. 

(From the Medical Division of the Montefiore Hospital, Service. of Dr Leopold 

Lichtwitz.) 

The alterations in the rhji^hm of the heart preceding transient 
ventricular fibrillation in the presence of established A-V dissocia- 
tion are often associated with an acceleration of the basic ventricular 
rate. In 6 patients in whom the ventricular rate was studied prior 
to the onset of ventricular fibrillation, the average basic ventricular 
rate was 25 beats per minute without the interposition of premature 
ventricular beats. The lowest was 17 and the highest 38 beats per 
minute. The average rate was not influenced by rest or exercise 
and it was the same during activity, but an average of 6 beats lower 
during sleep when counts were taken over long periods at a time. 
Pressure over the carotid artery did not influence the ventricular 
rhythm and repeated administration of adequate doses of atropin 
sulphate GVth grain) intramuscularly yielded no increase in the 
ventricular rate. 

The Modes of Acceleration of the Basic Ventricular Rate During 
A-V Dissociation. The acceleration of the basic ventricular rate 
preceding ventricular fibrillation may be effected through several 
mechanisms. (A) There may be a simple and progressive shorten- 
ing of the interventricular periods so that a ventricular rate of 25 
beats per minute may rise to 51.7 beats within a short interval 
(Fig. A 1-9). At such times the impulse pacemaker of the ventricles 
is verj' likely within the A-V node, for the complexes of the main 
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ventricular deflections are of the supraventricular t^e and 
but little from beat to beat. « 


A-68,I 

\r.30.0 


A'107.7 


A. Elcctrocardioararas (Lc.ad 2 only) Bhowing a proBircs.=ivo increase in the basic 
auricular and ventricular rates prccedins a transient seizure of auricular fibrillation. 

(B) On other occasions, a gradual acceleration of the ventricular 
rate from an average of 37 beats per minute to 05.2 beats, independ- 
ent of premature beats may take place through a steplike progres- 
sion of both auricles and ventricles with abrupt changes from com- 
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plete A-V dissociation to partial heart blockd Invariably with these 
abrupt changes there is an accompanying transition of the ventricu- 
lar deflections from a dextrogram to a levogram and vice versa indi- 
cating that each successive new pacemaker is somewhere in one 
of the bundles of the conduction mechanism and alternates with a 
supraventricular mechanism. When the heart rate has thus been 
accelerated gradually to a certain level of speed, it is then suddenly 
interrupted by at first single and then recurrent groups of ventricu- 
lar oscillations of wide aberrancy that herald the approach of a 
period of ventricular fibrillation. 



B. 'Electrocardiograms (Lead 2 only) showing the prefibrillatory mechanism in a 
patient with transient ventricular fibrillation. 


(C) Again a very marked increase in the basic ventricular rate 
is observed to appear abruptly after the ventricles had been already 
speeded up from an average of 20 to 70 beats per minute, when a 
greater rate would be ushered in by the interruption of a single 
extrasystole. This extrasystole was always of a dift’erent shape, 
size and form from both the preceding and succeeding ventricular 
complexes. It resembled the experimental stimulus with which it 
is frequently possible to step up the ventricles when isolated from 
the auricles by the interposition of a well timed beat. 

(D) Occasionally a transient seizure of ventricular fibrillation- 
is ushered in by the recurrence of short runs of tachycardia arising 
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in an ectopic focus of the ventricles, when periods of A-V dissociation 
,and ventricular tachycardias alternate haphazardly for a variable 
duration until the whole cardiac mechanism is disrupted by the 
interposition of A'entricular oscillations resembling short runs of 
ventricular fibrillation and then the patient goes into sjmcope. 

(E) Rarely the periods of complete heart block was suddenly 
disrupted by an irregular heart rate of an average of 160 beats per 
minute, during which the auricles kept pace with the ventricles as> 
far as rate was concerned but both chambers beat independently of 
each other. This mechanism was one of an irregular ventricular 
tachycardia ushering in a period of ventricular fibrillation. It is 
very likely that many terminal tachjreardias preceding ventricular 
fibrillation arise in a similar manner without any warning, especially 
if some form of block has been present before or has been induced 
by a drug. 

(F) More often a low basic ventricular rate (from 20 to 30 beats 
per minute) was increased by the appearance of premature beats 
of the ventricles, at first coming singly (Fig. C-1) and then in groups 
of more than one (Fig.-C-2, 3, 4, 5, 6). These were observed during 
partial as well as complete heart block. 

The main ventricular deflections of the electrocardiograms during 
established A-V dissociation were usually of the supraventricular 
form and were variable in height, shape and form from record to 
record (Fig. A-5, 6, 7) and in the same record they changed from 
dextrograms to leA'ograms eA^’en in the absence of any increase in 
the ventricular rate (Fig. B-5). 

The T waves of the basic A'^entricular complexes were usually of 
the upright form (Fig. A-5, 7) and were preceded by an R-T or 
S-T interval which was variable in duration, this variation depend- 
' ing apparently upon the rate of the ventricles, that is, the slower 
ventricular rates showed ventricidar complexes with an R-T or 
S-T interval of longer duration (Compare the R-T interA'al in 5 
and 7 of Fig. A). Both the shape and contour of the S-T interval 
as well as that of the T waA'es Avere invariably influenced by a super- 
imposed auricular contraction. The size, shape and form of the 
T AvaA'es during these intervals were independent of the preceding 
Q R S complexes. The direction of the T waves remained the 
same even though the Q R S coraple.xes reversed from dextrograms 
to levograms. 

Deformed Ventricular Comidexes in the Electrocardiograms of the 
Rrenionitorn Period. The most marked changes of both the Q RS 
complexes as Avell as of the T waves of the dominant rliA-thm were 
observed occasionally during the premonitory period when the 
block was complete and when the basic rliA-thm was disrupted by 
premature ventricular beats Avhich, judging from their shapes, 
“appeared” to arise from more than one focus (Figs. B-3, 4, 5. and 
C-4, 5. 6). At such times the main ventricular deflections were 
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extremely variable in height, form and direction from beat to beat. 
The accompanying S-T interval of these deflections was usually 
shortened and the succeeding T waves of the electrocardiograms 
were occasionally' found to hare become progressively larger in 
size from beat to beat, variably deformed and markedly’’ negative. 

The deformities of the T waves were apparently related to the 
time of the appearance of the premature ventricular beats following 
the basic ventricular deflections. The earlier the S-T interval of 
^the main ventricular deflection was interrupted by a premature 
beat of the ventricles, the greater appeared the size and negativity 
of the T waves. For example, in Figure B-4, Ri is followed by a 
negative Ti which is 2 mm. in depth; is followed by a markedly 
negative Ts which is 9 mm. in depth and the same size in width 
and the next premature ventricular beat is continuous with its 
ascending limb; R 3 is followed by'^ a negative Tj which is 11 mm. in 
depth and from its ascending limb there arises practically^ one-half 
of a superimposed premature ventricular beat to be followed also by 
a markedly positive and large T wave (compare also Fig. C-4, 5, 6 
and Fig. D, Lead 3). 

Frequently the S-T interval of a basic ventricular deflection 
was disrupted by portions of two successive premature beats of the 
ventricles (Fig. B-o) one so superimposed upon the other as to give 
a most bizarre picture. 

The auricular contractions were not interfered with during the 
appearance of these superimposed ventricular beats (Fig. 0-4, 5, 6 ). 

’Sometimes, when the alternate premature ventricular beats 
following the basic ventricular complexes were of the same shape 
and form from beat to beat and seemed to arise from the same locus 
in the ventricles repeatedly (Fig. E, Leads 2 and 3) then the deform- 
ity' of the T waves accompanying the main ventricular deflections 
was uniform and the S- T interval preceding it was of the same dura- 
tion. 

The shape, form and direction of the “initial” alternate premature 
ventricular beats (Fig. C-1, 2 ) which were the first to disrupt the 
basic heart rhy'thm, were at times extremely' variable but more 
frequently, in particular before the development of long syncopal 
seizures, these beats were almost alike for minutes and hours at a 
time giving the impression that they arose from the same focus in 
the ventricles (Fig. E, Leads 2 and 3). They were usually opposite 
in direction to the main ventricular deflection and were uniformly 
distanced from the foot points of the antecedent ventricular com- 
plexes before the onset of a syncopal attack (Fig. F). 

In hundreds of records obtained of the periods preceding transient 
ventricular fibrillation in these patients with A-V dissociation, not 
a single instance was encountered in which the onset of syncope 
was not heralded by premature ventricular beats coming either 
single, at alternate intervals, or in groups. 
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The shape of the ventricular oscillations that followed the “initial” 
premature ventricular beats varied. Sometimes they were opposite 
in direction' to it but most often in the same direction (Fig. C-4). 

The frequency and duration of the ventricular oscillations that 
followed the “initial” premature ventricular beat at any one time 
was unpredictable. In view of the fact that only tKe first few of the 
ventricular oscillations following the “initial” premature ventricular 
beat could be felt at the pulse, it is very obvious that the greater 
the duration and frequency of these succeeding ventricular com- 
plexes, which were associated with ineffectual contractions of the 
ventricles, the longer was the accompanying period of syncope. 



D. Electrocardiograms (Leads 1, 2, 3) of the prefibrillatory mechanism in a patient 
with A-V dissociation. Compare the basic ventricular complexes and the initial pre- 
mature beat of this record with that of E. 


The duration of the interventricular periods formed by the domin- 
ant ventricular complexes during the interruption of the rhythm 
by these premature ventricular beats was variable from minute to 
minute. These premature contractions were never observed to have 
been interpolated. The ventricular cycles succeeding the premature 
beats were variable, sometimes being equal and sometimes longer 
than the preceding periods. 

Although during this premonitory period none of the recurrent 
groups of ventricular oscillations could be palpated at the wrist, save 
for the first few, some could be heard at the apex of the heart while 
others were neither audible at the apex nor palpable at the wrist. 
The electrocardiograms of these “audible” groups of beats were more 
regular in sequence than the latter. The ventricular complexes 
at such times were sharper and peaked, and although a uniform base 
line was absent, they remained of about the same size and duration 
in most of the records obtained, although occasionally their voltage 
was reduced (Fig. C-5, 6). In these “atjqiical” ventricular tachy- 
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cardias the P waves were more readily visible on the upstroke of 
every second beat (Fig. C-3, 4, 6) and whatis of particular interest 
is that freqnentlj^ these short runs were ended by groups of prema- 
ture ventricular beats that were distinctly separated from each 
other by a baseline of short duration, none of which, however, could 
be palpated at the wrist. Such premature ventricular beats would 
end the period of tachycardia or would be followed by a postun- 
dulatory pause. 

The, ventricular rates during these tachycardias averaged 200 
beats per minute and no such similar cardiac mechanism was 
recorded for a period longer than 3 seconds. 



E. Electrocardiograms (Leads 1, 2, 3) showing the prefibrillatorj’’ mechanism in a 
patient with A-V dissociation. Compare this record with record D. 

The Behavior of the Heart Rhythm Preceding Syncope Due to 
Standstill of the Ventricles. It is apparent from these records that 
the alterations in the rate and rJiythm of the heart preceding sjm- 
copal seizures in patients with A-V dissociation and transient ven- 
tricular filrrillation are totally different from those patients in whom 
syncopal seizures are due to a slowing of the ventricular rate or 
complete standstill of the ventricles. In the latter group obser^m- 
tions recorded to date reveal tliat the periods preceding syncopal 
seizures may be appreciated clinically, at times, by the periodic 
omission of a complete ventricular cycle. This may be folIoAved by 
the absence of several alternate ventricular cycles, each one of these 
causing a pause which may be associated clinically with spots before 
the eves or short periods of dizzine.ss. More often, the ventricular 
cycles omitted may be two and three times the duration of normal 
cycles, c.spccially when there arc marked variations in the rate 
and rhythm of the idioventricular pacemaker so as to cause an 
inequality of the basic interventricular periods. 
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Again there may be a progressive increase in the interventricular 
periods from beat to beat until standstill of the ventricles finally 
takes place, these progressively lengthening heart pauses resembling 
very closely Luciani or Wenckenbach periods encountered so fre- 
quently in patients with partial heart block.^ 

Moreover, frequently, the transitional changes from partial to 
complete heart block resulting in syncope may be associated with a 
“preautomatic pause, and may be accompanied by a variable 
standstill of the whole heart at times involving absence of both 
auricular and ventricular contractions but more often ventricular 
contractions only. 







F. Electrocardiograms (Lead 2 only) showing the initial premature beat to be at the 
same distance from the basic ventricular complex. 


' In each of the preceding mechanism in syncope, it is slowing of 
the ventricular rate that precedes the onset of unconsciousness. 

The Influence of the Extrinsic Nervous Mechanism on the Auricles 
and Ventricles During Heart Block. There is some experimental 
evidence^ substantiated by clinically correlated observations® that 
in certain instances syncope brought on by slowing of the ventricles, 
with certain exceptions® may be due to an increase in the auricular 
rate, in contradistinction to the syncope in patients with ventricular 
fibrillation in whom the auricular rate usually remains the same 
before the seizures. There can be no doubt that in some of these 
patients this acceleration of the auricular rate is in some way related 
to reflex stimulation of the extrinsic nervous mechanism of the 
heart.’ These facts are emphasized at the present time because 
very recently Shookoff® reported a patient in whom during the 
presence of auricular fibrillation, pressure over the right common 
carotid artery (indirectly stimulating the vagus nerve to the heart) 
resulted in an irregularity considered to be that of ventricular 
fibrillation. The records published by him resemble more closely 
some of the large coarse irregular waves of impure flutter encoun- 
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tered either during so-called coarse auricular fibrillation or normal 
rhjdhm, several examples of which may be found in Geraudel’s 
studies^* and considered by him as “false ventriailar fibrillation.” 

Ventricular fibrillation once established, even for brief periods, 
is practically never interrupted by a supraA'^entricular complex 
before the fibrillatory process ends spontaneously and then only 
when a postundulatory pause does not precede restoration of the 
basic rhythm, does a premature beat or a markedly aberrant ven- 
tricular complex resembling it, end a seizure. Furthermore, as 
we have_ pointed out previously, in the thousands of brief periods 
of A’-entricular fibrillation that Ave haAm recorded, none have been 
observed to appear AAuthout at least one “initial” premature ventricu- 
lar beat preceding the ventricular period during which fibrillation 
sets in. For these reasons Ave belierm that Shookoff’s case, the only 
clinical instance published to date in Avhich reflex stimulation of the 
A'agus nerAm is held responsible for initiating transient ventricular 
fibrillation, may be based on a misinterpretation of the electro- 
cardiograms recorded. 

Summary and Conclusions. 'The clinical and electrocardiographic 
manifestations in 6 patients with A~V dissociation who ejdiibited 
recurrent syncopal attacks due to transient ventricular fibrillation 
have been correlated. 

In each instance it was determined that the alterations in the 
rhjdhm of the heart preceding a period of ventricular fibrillation 
were characterized by an acceleration of the basic A^entricular rate 
of the ventricles. 

The acceleration of the Amntricular rate preceding A'entricular 
fibrillation in patients with A-F dissociation was effected through: 
A, A simple and progressiAm shortening of the interventricular 
periods; B, A steplike progression of both auricles and A'entricules 
Avith abrupt changes from partial to complete heart block and r/cc 
versa, each alteration resulting in a further acceleration of the A'en- 
tricuiar rate; C, the interposition of a single extrasystole changing a 
sIoAver rhjdhm to a faster one with a concomitant change in the 
pacemaker of the A’entricles; D, recurrent short runs of tachycardia 
arising in an ectopic focus of the ventricles and alternating AA’ith the 
periods of heart block; E, a tachysystole in AA’hich a rapid auricular 
rate kept pace Avith a rapid A’-entricular rate before fibrillation dis- 
rupted the Avhole cardiac mechanism and finally F, isolated prema- 
ture beats of the A'entricles which appeared in rapid succession and 
accelerated the heart before the cardiac mechanism responsible 
for syncope had set in. 

On the basis of these correlated obserA'ations, it is fair to assume 
that a diagnosis of transient A'cntricular fibrillation may be su.s- 
pected in a patient AAnth A~V dissociation and syncopal attacks if any 
of these cardiac mechanisms are observed to appear either prior to 
or subsequent to syncopal seizures. 
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BLOOD REGENERATION IN PATIENTS WITH HEMATEMESIS 
OR MELENA FROM PEPTIC ULCER, TREATED WITH THE 
USUAL ULCER CURE AND WITH THE MEULENGRACHT 
TREATMENT. 

By E. ScHij^DT, M.D., 

ASSISTANT PHYSICIAN TO THE BISPEBJERG HOSPITAL, MEDICAL DEPARTMENT B, 

COPENHAGEN, DENMARK, 

In July, 1931, Meulengracht altered the treatment of patients 
with hematemesis or melena in this department. Previously, such 
patients were given the usual “ulcer cure.'^ After a few days’ 
fasting, they had cold tea or oatmeal gruel, advancing very slowly 
through milk and milk soups with sago, ricemeal, etc., to the 
“puree diet” which was generally attained after about 4 weeks. 
Meulengracht now gave this puree diet in its full extent from the 
first day of admission, which often meant from the first day of 
bleeding. This is a well-balanced diet which includes meat, fish, 
vegetables, fruit, potatoes, in fact all sorts of food, finely minced 
in the form of forcemeat, mashed potatoes, pureed vegetables, 
fruit soups, jellies, and so on. In addition, iron was given, and an 
aperient (c. g., cascara). Meulengracht was induced to make this 
alteration chiefly from clinical observation and from the well-known 
experiments of Whipple, Hooper and Robscheit,^ in which they 
showed that anemic dogs regenerate blood much bettet on certain 
diets, especially meat and liver, than when fasting or fed on car- 
bohydrates and milk. There is no reason to suppose that human 
beings should react differently to hemorrhage. 
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The object of this communication is to show the difference in 
blood regeneration before and after Meulengracht’s treatment was 
introduced. 

, Methods. The following hemoglobin estimations and red cell counts 
were made upon patients admitted for hematemesis or melena. In all 
patients, gastric or duodenal ulcer was supposed to be the source of the 
hemorrhage, patients with cancer of the stomach or cirrhosis of the liver 
being excluded, even though given the same treatment. 

Blood was takp for examination about once a week. During the first 
week. more examinations have been made in most patients. 

Hemoglobin estimations were all made with the same Autenrieth- 
Konigsberger hemometer. The same apparatus has been used daily since 
1917; it has been standardized twice (in 1918 and 1934) with the oxygen 
capacity method (100% Hb = 18.5 cc. O 2 ). The correction has not altered 
measurably. Several times examination of series of normal persons has 
shovm this standard to give a color index about 1. On each sample two 
readings were made and an average given. The red cell count was made 
in a Biirker-Tiirk chamber, 10 big squares being counted, making the 
cipher for midtiplication 5000. All estimations of hemoglobin and counting 
of red cells were made on venous blood from the cubital vein, 3 to 4 cc. 
being stabdized by 3 drops of saturated solution of sodium oxalate. Cor- 
rection for this surplus fluid has not been made. In all indiridual samples 
the hemoglobin estimation and the red cell count were made from the same 
blood by the same person, a technical assistant. About 95 % of all deter- 
minations were made by one assistant-. Miss Lundgreen, the rest were made 
by another technical assistant. Miss Nonnan-Hansen, but no difference 
could be detected between the values obtained by the two. 

Patients on the Old Ulcer Cure. Most of these patients’ records date 
from 1929 to 1931, a few from later years. They were aU given the afore- 
mentioned ulcer cure, many were fasted for a few days; about 4 weeks 
after admission the puree diet -was given, and most of the patients have 
had some iron medicament a little later. 

Patients on Puree Diet and Iron. These patients all date from 1931 to 
1935. The patients were given the pur4e diet from the first dej' of admis- 
sion and also iron from the first day (ferrosi lactat., centigrams 50_ X 3). 
The patients have not been pressed to eat but have followed their own 
appetite. 

Results. As an e.xample of how much this consumption of food 
could amount to, I give one day’s experience, although, to be sure, 
this patient ate well above the average: A man, aged 37, from 
April 11, 1935, repeatedly had melena or hematemesis. On April 12, 
he was admitted to hospital and given the puree diet and iron, and 
on April 14 a transfusion of blood (300 cc.). On April 15, he had 
hematemesis for the last time. This day (before the hematemesis) 
his I-Ig % was 30 and his R.B.C. 1.42 millions. The nex-t day, 
April 16, his consumption of food as controlled by the nurses was: 
In the morning : 150 gm. oatmeal porridge; for dinner (at 1 o’clock) : 
fruit souiL boiled forcedmeat-balls and green-pea puree and in the 
evening; a soft-boiled egg and a little piece of white bread. Also, 
in the course of the day he drank 1 liter of milk and 1 glass of 
churned milk with cream and consumed 4 oranges, 2 liananas and 
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2 biscuits. The day after, April 17, his Hg % was 21 and the 
R.B.C. 0.87 million, but 19 days later, he had reached ,67% and 

3 millions. 

One Patient Treated With Both Cures Successively. This patient 
was admitted 4 times, twice in 1928 and twice in 1932. The first 
time (January, 1928) she apparently had lost blood from her bowels 
without noticing it; she was sent in to be treated for anemia but 
had really regenerated her blood quite well on her usual diet. 
The second time she had melena and was treated with the ulcer 
cure (July to September, 1928). The third time (January, 1932) 
she had a hematemesis and was treated with the puree diet, but 
insufiicient blood examinations were made to estimate her regenera- 
tion. The fourth time (September, 1932) she had melena and was 
given puree diet and iron. The curves of regeneration for the second 
and fourth admissions are shown on Fig. 1. 



Eig. 1. — Woman, aged 48 (in 1928). To the left, Hg % and R.B.C. on ulcer cure. 
To the right, Hg % and R.B.C. on puree diet and iron. Ordinate: Hg % and 
R.B.C. Abscissas; Days after hemorrhage. 


Comirari^on Betxoeen the Ttvo Grouys. A comparison between 
the two groups can only be valid when the severity of the hemor- 
rhage is taken into account. Even then, the individual’s inherent 
ability to regenerate remains an unknown factor. For comparison, 
I have selected from each group those 10 patients whose red blood 
cell count on the first examination after admission was nearest to 
2.5 millions. This examination was made on the first to the third 
day after admission. The patients were admitted on the first to 
the seventh day after the first bleeding. As far as possible such 
patients have been omitted where there is not at least ^4 hours 
between the last known hemorrhage and the first blood examination. 
The average time from the first hemorrhage to admission is, for the 
ulcer cure group, 2.4 days and for the puree diet group 2.2 days 
and the average time from the first hemorrhage to the first blood 
examination is 4.4 and 3.9 days, respectively. 
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The two groups, besides, are comparable as to age and sex. 
Ivo patient bad known complications of any sort, or was given 
transfusion of blood or bad bematemesis or apparently fresh melena 
after the first blood examination. Only a few, indeed, had more 
than one known hemorrhage. 

Table 1. Average Blood Valves for Patients on Ulcer Cure and on Pur£e 

Diet and Iron. 



on adm. 

R.B.C. 
on adm. 

Hb% 

20 days later. 

'R.B.C. 

20 days later. 

10 patients on ulcer cure 

47.5+2.1 

2.4.3+0.10 

50.0+1.9 

2.80+0.09 

10 patients on pur6e diet and 
iron 

50.0+2.1 

2.42+0.11 

68. 4+2. 6 

3.45+0.12 

Difference 

2.50+2.9 

0.01+0.15 

18.4+3.2 

0.65+0.15 


In the ulcer cure group, 4 patients bad bematemesis, in the 
puree diet group 6; the other patients had.onh^ melena. The aver- 
age Hg % estimations and R.B.C. counts in the two groups will 
be seen from Table 1, where the values from the first blood exam- 
ination are compared to the values found 20 dais’s later. 



Fig. 2. — Balanced avoraRO curves of Hr % and Il.B.C. count in patients on 
ulcer euro and puree diet. Upper curves: Patients on puree diet. Lower curves: 
Patients on ulcer cure. Ordinate; Hg % and R.B.C. Abscissic; Days from first 
examinatidn on admission. 

Thus the difference between the two groups on admission is less 
than the medium error. The difference in the values for the two 
groups on the 20th day for Hg % is 18.4 ± .3.2; i. c., ,5.0 times 
the medium error and for the R.B.C. 0.0.5 0.15; i. e., 4.3 

times the medium error. The highest Hg.% on the 20th day 
in the ulcer-cure group is 57 ; only 1 in the other group is as low as 
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that. Fig. 2 presents balanced average curves of Hg % and R.B.C. 
in the two groups. 

Hevioglohin and Blood, Corjmsclc Regeneration Convpared. On the 
puree diet, the curves for hemoglobin and red blood cells follow 
each other .very closely, the color index during the whole period 
being very near 1. In many patients, especially those who bled 
more severely than did the cases in this paper, it has even been well 
above 1. The patients on ulcer cure, on the other hand, regenerate 
the hemoglobin markedly slower than red corpuscles. Color index 
during the whole time of observation is low; on the 20th day, for 
example, 0.89 against 0.99 for the patients on puree diet. 

The effect of iron cannot be estimated from our material, but 
Gram^ has found that 20 patients on puree diet and iron regenerated 
on an average in 10 daj^s 15.4% of the deficit {i. e., lowest normal 
hemoglobin value for the sex minus hemoglobin on admission), 
or expressed in absolute values, Hg6.1%. This coincides well 
with the 5% rise found for our patients in the first 10 days. For 
patients on puree diet without iron. Gram found a rise of 3.3% 
hemoglobin in the first 10 days. As will be seen on the curve, 
patients on ulcer cure showed no perceptible regeneration in the 
same time. It seems thus— and it is also our impression from a 
number of patients not quite suitable for comparison in the way 
here used— that food alone is of definite value for the regeneration 
of the blood whether or not the effect is supported by giving iron too. 

Conclusions. Patients who have lost blood, apparently from 
peptic ulcer, on full pur^e diet and iron regenerate their blood 
much more quickly than those on “ulcer cure.” This is well 
illustrated in the patient who was treated twice for a hemorrhage of 
about the same degree of severity. This applies especially to the 
hemoglobin regeneration, as patients regenerate their blood with 
a lower color index on the ulcer cure than on the puree diet. 

Besides the subjective better feeling of the patients, and the 
better clinical improvement, obvious to both doctors and nurses, 
but not to be expressed in figures, the better regeneration of the 
blood supports the lower mortality in maintaining the superiority 
of the Meulengracht^ treatment over the old ulcer cure in patients 
with bleeding ulcer. As in Whipple and his coworkers’^ experi- 
ments on dogs, adequate food has proved its value in regeneration 
of the blood. These observations do not indicate whether or not 
some elements in food given are more effective than others, nor 
whether the effect depends more on quantity than on quality. 
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In 1932 Roger Morris and associates* announced that they had 
demonstrated in normal gastric juice a “specific hematopoietic 
hormone” capable of producing, when parenterally administered, 
significant remissions in pernicious anemia. The gastric “ hormone ’ ’ 
hypothesis set forth in this and subsequent papers”’^ was criticized 
by Alinor and Castle'* and others.®-®'^ Intramuscular injection of 
gastric juice might result in a “specific reaction” between the “in- 
trinsic factor” of the juice and the muscle tissue of the recipient. 
Furthermore, the irritanl action of injected gastric juice might 
result in a purely non-specific hematopoietic stimulation (compar- 
able to that of arsenic), which, if true, would prove nothing as to its 
alleged hormonal nature and nothing as to a specific relationship 
with the disease. 

It may be important to point out that in the reports of hlorris 
and his co-workers there are only two really significant responses 
recorded from the injectidn of human gastric juice— the rest being 
the results of injection of swine gastric juice obtained by a method 
not described (presumably “pressed” stomach of slaughtered 
animals). Can it be that this swine gastric juice was extracted from 
animals not sufficiently fasted to remove all possibility of specific 
interaction products? Even if these animals were properly fasted, 
it might be that the “pressed” juice would represent nothing more 
nor less than a sort of liquid "ventriculin.” 

Later workers either completely failed to duplicate iSIorris’ results 
(Bhikinson® and Vlados®) or obtained somewhat different results 
pointing to a different interpretation (Fonts and ZerfasB- The 
later workers found that fresh gastric juice was inert and that ice- 
bo.x storage for 2 months or more resulted in the development of 
some degree of potency apparently from some kind of slow “inter- 
action” within the stored juice. 

]\Iore recently Greenspon* presented evidence purporting to prove 
that the “antipernicious anemia factor” in the stomach (Castle’s 
intrinsic factor) is the only fundamental one and that no extrinsic 

♦ Aided by a grant to the Hcmatologj' Fund from Mrs. S. du Pont Ford. 
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or food factor and no interaction product need be considered . Green- 
spon's experiments led him to conclude that pepsin is antagonistic 
to this intrinsic factor, which may preserve its potency outside 
the living organism (a), only if protein is present to adsorb pepsin and 
thus prevent alleged peptic destruction of the intrinsic factor, or (6), 
if other means such as alkalinization, chilling, and isoelectric precipi- 
tation of pepsin are employed to inhibit pepsin or remove it from the 
field of action. 

Greenspon's experiments, as reported, do not seem to be entirely 
conclusive. His ventriculin experiment is difiicult to criticize. It 
should be pointed out, however, that according to Greenspon, since 
“ventriculin contains native pepsin” the addition of extra pepsin 
would seem to be unnecessary for the inactivation of ventriculin 
if optimum acidity, moisture, and temperature conditions were 
provided. We plan to test this corollary of Greenspon’s thesis 
which, if true, would tend to strengthen rather than weaken his 
apparent proof of the destructive action of peptic activity on ven- 
triculin. 

Greenspon’s next experiments with his preparation of “depepsin- 
ized” hog gastric mucosa certainly seem to constitute good grounds 
for his conclusion that “peptic activity destroys the antipernicious 
anemia principle and that hydrochloric acid alone does not.” 
Greenspon’s observations (on 2 cases) must be extended and con- 
firmed, however, before one can exclude the possibility of other 
factors having been responsible for the observed results. 

His final experiments with the feeding of normal human gastric 
juice, “peptically inactivated,” and with the parenteral injection 
of concentrates of normal “ depepsinized ” Iiuman gastric juice to 
patients with pernicious anemia are of especial interest and impor- 
tance. The criticisms that come to mind regarding these experi- 
ments, as reported, are as follows: 1st, the normal human gastric 
juice donors should have been submitted to at least a 12-hour fast 
and gastric lavage should have then immediately preceded the 
collections to eliminate as far as possible all food residues and, 2d, 
the pernicious anemia recipients of this normal gastric juice, al- 
though treated “in the morning on an empty stomach,” should 
have also received gastric lavage before the administration of the 
juice and should have again received gastric lavage before any food 
was allowed “4 hours later”— which is too brief a fast-period as 
Minot has pointed out.* 

We have attempted to review some of Greenspon’s experiments 
with these “criticisms” in mind. Although our work, to an even 
greater extent than his, is open to the objection of “too few cases” 
and “insufficient observations,” it seems none-the-less worth 
recording as a small part of the data which must eventually be 
collected and sifted before any sound conclusions can be reached. 

* Personal communication. 
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Methods. The 3 patients TOth pernicious anemia used in this studj' were 
proven cases, in relapse, vith red cell counts between 1.4 and 2.3 miliion 
and hemoglobin values from 40 to 58% (Sahli). These patients were hos- 
pitalized on a meat, broth and iron-free diet during the course of these 
studies. 

_ Gastric Juice Coiy:enirales Jar Parenteral Administration. “Depepsiniza- 
tion” of gastric juice was carried out by the method of Fenger and Andrews® 
as recommended by Greenspon.® The gastric juice concentrate use in Ex- 
periment 1 was prepped in as close accordance with the latter’s technique 
as his brief description of, the process permitted. In subsequent experi- 
ments (5, 6 and 7), Greenspon's method was closely followed except that 
after isoelectric precipitation of pepsin and its removal by centrifugaliza- 
tion, the clear supernatant fluid was poured into large pans and reduced to 
a moist flakj’- residue by exposure to a current of air never exceeding 33° C. 
in temperature. This method was found simpler and more rapid than con- 
centration in vacuo. The moist residue was then taken up in 30 to 50 cc. 
of distilled water, treated wdth alcohol and reconcentrated in vacuo at 
35° to 37° C. to a volume suitable for intramuscular injection. pH values 
were determined by means of a potentiometer. Each concentrate was 
tested for sterility. 

In Experiments 3 and 4 attempts were made to concentrate gastric juice 
by lyophUization.^" This process offers the advantage of intense cold and 
dryness, both of which inliibit peptic activity. 

The acetone soluble fraction used in Experiment 4 was prepared by the 
addition of acetone to the depepsinized lyophilized concentrate. A dense 
white precipitate formed and settled out rapicllj^ The supernatant fluid 
w'as concentrated in vacuo to 15 cc. and injected. Opportunity to test 
the acetone-insoluble fraction has not yet occurred. 

Normal gastric juice was obtained from ward and clinic patients with 
normal blood counts, normal gastric acidity and without eridence of tuber- 
culosis, sjqrhilis or other active infection. In all cases the fasting specimens 
were discarded and thorough lavage with dilute solution of sodium bicar- 
bonate preceded collection of the juice. The secretions were drained for 
about 3 hours; suction siphonage was employed in most cases and the col- 
lecting bottles were packed in cracked ice. Resort was made to histamin 
stimulation of gastric secretion in “normal” cases only. 

It may be incidentally noted that good yields of pepsin were obtained 
from normal gastric juice (E.xperiments 4, 5 and 7); however, pepsin was 
absent (Experiments 1 and 3) or scanty (Experiment 6) in the gastric 
juice of patients suffering from pernicious anemia. This concurs uith the 
findings of other investigators.” 

Gastric Juice Preparation for Oral Administration. Gastric juice for 
“peptic inactivation” and feeding was secured from 4 "normal” patients. 
Greenspon's technique was followed closely and in addition each fasting 
donor underwent preliminarj" gastric lavage. 

Experbient 1. jMts. F. (Medical clinic record, 3520535), a 
typical case of pernicious anemia in relapse, was i)oth donor and 
recipient in this experiment. After preluninary observation and a 
week of meat-free diet she received an injection of a concentrate 
(11 cc.) repre-senting an origin«uI volume of 200 cc. of fasting “ depep- 
sinized” gastric juice obtained from her own stomach during the 
preceding week. Reticulocyte fluctuation, for 10 days before and 
6 daj-s thereafter, varierl between 0.2% and 1.3%. We considered 
tliis a completely negative result. _ ^ . 

This experiment was undertaken with the thought tliat if hlorns 
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so-called addisin produced merely non-specific irritation effects 
rather than true “hormonal stimulation” there would be no a priori 
reason' why pernicious anemia juice might not be as effective as 
normal juice. Our negative response to pernicious anemia juice 
seemed to be in line with Morris’ hypothesis.* 

Experiment 2. This same patient received, after 14 hours’ 
fasting and immediately preceded by gastric lavage, 500 cc. of 
pooled normal ^‘peptically inactivated” -fasting gastric juice by 
stomach tube. Food was then further withheld for 5 hours and 
before any food was administered gastric lavage was repeated to 
remove any possible residue of the instilled juice. Three days later 
another 500 cc. of similar normal gastric juice was administered by 
tube with identical precautions. The reticulocyte level showed a 
slight increase to 4% on the third day after the first gastric juice 
feeding {i. e., the day of the second gastric juice feeding). This 
reached a peak of 5 % one day later and then subsided to less than 
1 % during the following 6 days. At the end of this experiment, 6 
days after the second gastric juice feeding, the hemoglobin, red cell 
count and reticulocytes were a trifle lower than before any of these 
experiments were begun. This patient’s blood picture throughout 
was in the neighborhood of 1,800,000 red blood cells and 45% hemo- 
globin. Subsequentlj" (6 days) a reticulocyte rise to 8.2% was 
obtained from an experimental fraction of liver extract furnished 
by and administered at the request of Dr. Randolph West. Finally, 
after this reticulocyte wave had partially subsided, and hemoglobin 
regeneration was well underway, parenteral administration of a 
known potent commercial liver extract produced a slight secondary 
reticulocyte response (8.5 %) which was followed by the usual com- 
plete hematologic recovery characteristic of Addisonian anemia. 
Dr. West’s fraction was apparently a potent one, because 11 days 
after its administration the hemoglobin had increased from 40 to 
62% (Sahli). 

Conclusions'. There was a questionably significant rise in reticu- 
locytes which reached a peak on the fifth day after gastric juice 
feeding was initiated. This was followed by little or no change in 
the patient’s red cells and hemoglobin during the following 2 weeks. 
We interpret this as uncertain evidence of a minimal response. The 
normal gastric juice which apparently produced this questionable 
response was pooled material less than 4 days old and treated 
throughout aceording to Greenspon’s technique. 

We cannot accept this evidence as proof of anj'thing. We have 
not infrequently observed spontaneous reticulocytosis of this mag- 
nitude. Furthermore, even though we took special precautions to 
to exclude food factors from both donor and recipient, it is obvious 

* This experiment, carried out during Februarj', 1936, was similar to one reported 
subsequently by Goldhamerd- Incidentally our result differs from Goldhamer’s in 
that he obtained what he considered to be evidence of some intrinsic factor in the 
pernicious anemia gastric juice which he employed. 
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that prolonged starvation of both would be necessary to approximate 
this objective. 

Experuient 3. J\'Ir. Q. (hledical Clinic record, 304100). a 
typical case of pernicious anemia in relapse, was the recipient and 
in part the donor too in this e-xperiment. An attempt was made to 
concentrate gastric juice from 3 pernicious anemia patients in relapse 
by Ijmphilization. Owmg to difficulty in securing a sterile finished 
product* the contaminated lyophilized concentrate of an original 
amount of 248 cc. of pernicious anemia gastric juice was subse- 
quently pooled with 130 cc. of fresh similar pernicious anemia juice 
and the mixture concentrated (and incidentally sterilized) by the 
method used in Experiment 1. The finished concentrate, amounting 
to 10 cc. (derived from 378 cc. of pernicious anemia gastric juice), 
was injected. The patient developed a rather severe local and sys- 
temic reaction. The highest pre-treatment reticulocyte figure dur- 
ing 2 weeks’ preliminary observation was 2.1 %. The daj’- after the 
injection the reticulocjdes numbered 3%. Subsequently there oc- 
curred a slight wave of reticulocytes which reached a peak of 4.7% 
on the twelfth day after the injection. During this period, however, 
the red cells and hemoglobin declined moderately and the patient 
was clinically worse. 

Our conclusions from this are identical with those on Experiment 1. 
We obtained no evidence of activity from pernicious anemia gastric 
juice injections. We are inclined to believe that the slight reticulo- 
cyte rise noted in this experiment was not significant. The process 
of “Ij'ophilization” employed in this and the following e.xperiment 
may make them inadequate “controls” as far as Grcenspon’s, 
Goldhamer’s and Morris’ techniques are concerned. 

Experijient 4. This same patient received (intramuscularly) a 
concentrate (11 cc.) of the acetone soluble fraction of lyophilized 
normal fasting human gastric juice representing an original volume of 
GOO cc. On the fourth day following this injection the reticulocytes 
rose from a pre-injection level of 1.4% to 3.5% and’ then declined 
to the pre-injection level. A week later the patient’s red cells and 
hemoglobin were unchanged. 

Conclusions. Either lyophilization destroyed tiie (alleged) hema- 
topoietic activity of the normal “depepsinized” gastric juice em- 
plo^■ed in this e-xq^eriment or none was present in this fraction. 

ExPERixnsxT 5. This same patient was given (intramuscularly) a 
concentrate (12 cc.) representing an original volume of 700 cc. of 
normal “depepsinized” fasting human gastric juice obtained daring 
the preceding week. The highest reticulocyte figure after this in- 
jection was on the fourth day (2.3%) and 20 days after the injection 
the red cell count and hemoglobin were unchanged '(1 .9 million and 
45% res])ectively). At this juncture potent liver extract injections 
produced, after G days, a reticulocyte crisis of 29%. 

*Tho process of lyophilization docs not sterilize previously conf luninnlcd 
material. 
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Conclusions. This experiment fails to confirm the results of 
Greenspon and incidentally of Morris and co-workers and of Conner d* 

Experbient 6. hlr. S. (Medical Clinic record, 3622319) was 
a typical case of pernicious anemia in relapse. Throughout a pre- 
liminaiy period of observation of 12 days in the ward on a meat-free 
diet the red cells and hemoglobin were constantly in the neighbor- 
hood of 1.9 and 40% respectively. The reticulocytes, however, 
showed a slight spontaneous rise from an average of 1 % to a peak 
of 5.4% without any treatment. After this spontaneous reticulo- 
cyte wave had subsided the patient received a parenteral injection 
of 10 cc. of his own concentrated “ depepsinized ” gastric juice repre- 
senting a total volume of 320 cc. collected during the preceding 10 
days. Following this injection, by 4 and 8 days respectively, there 
were two peaks of reticulocytosis of 4.5% and 5.3% each, without 
nny significant change in the rest of the blood picture or in the clinical 
condition of the patient. 

Our conclusions from this experiment are similar to those in Ex- 
periment 1 (and 3). We thought it best in these experiments with 
pernicious anemia gastric juice to follow Greenspon’s directions 
regarding the inactivation and removal of pepsin, even though we 
could demonstrate little or no pepsin in the specimens obtained from 
our pernicious anemia patients. 

Experiment 7. This same patient received a concentrate (10 cc.) 
representing an original volume of 500 cc. of normal depepsinized 
fasting human gastric juice collected within the preceding week. 
Dining the following 8 days the reticulocytes did not go above 2.4% 
which is less than had been previously noted during the control 
period. Subsequently potent commercial liver extract injections 
were followed by the typical hematologic and clinical recovery 
characteristic of Addisonian anemia. The patient was uncoopera- 
tive and left the ward after 6 days of potent liver therapy when his 
reticulocyte rise was well underway (12%) but before the peak. 
Three weeks later his hemoglobin was 84% and red cells were 4 million. 

Conclusions. This experiment failed to confirm the results of 
Greenspon and h'lorris. 

Discussion. Contrary to the results of Goldhamer,^^ we obtained 
no conclusive evidence of the presence of “intrinsic factor” in per- 
nicious anemia gastric juice obtained from and readministered to 3 
patients in relapse phase (Experiments 1, 3, and 6). These negatii’^e 
results might be interpreted as evidence against the “non-specific 
irritation” hypothesis advanced by Castle and Minot to explain 
Morris’ results with so-called addisin. No conclusions, however, 
may be draum because we failed also to obtain a significant response 
from similar injections of normal gastric juice concentrates (Experi- 
ments 4, 5 and 7). 

Contrary to the results of Morris and co-workers, we obtained 
no significant responses from intramuscular injections of normal 
fasting human gastric juice concentrates administered to turn differ- 
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ent patients in relapse phase of pernicious anemia. Our concentrates 
of normal juice were prepared according to Morris’ technique plus 
the depepsinizing procedures of Greenspon in most instances 
(Experiments 5 and 7). In one instance in this normal juice group, 
however, we tried a “Ijmphilized” concentrate (Experiment 4), 
which was equallj’- ineffective. In no instance in this series of experi- 
ments did we observe the marked leukocytosis, the nucleosis, or the 
increase of nuclear particles in red cells reported by hlorris and 
Greenspon. Platelet increase was observed in one instance (Experi- 
ment 3). 

Contrary to the results of Greenspon we obtained no conclusive 
responses from either the feeding (Experiment 2) or the injection 
(Experiments 5 and 7) of “depepsinized” normal fasting human 
gastric juice, prepared according to Greenspon’s description, but 
obtained and administered with rigid care to exclude as far as pos- 
sible exti’insic food factors in both donors and recipients. \Miile 
our experiments do not actually disprove any of the conclusions of 
Morris or Greenspon, and particularly do not touch seriously upon 
Greenspon’s apparent demonstration of peptic antagonism toward 
intrinsic factor (which we are not prepared to question on the basis 
of our work), they do. cast doubt upon their hypothesis in so far as 
it excludes (lastle’s “extrinsic factor” and “interaction products.” 

Summary. 1. In 3 patients in relapse phase of pernicious anemia 
intramuscular injections of “depepsinized” concentrates of fasting 
gastric juice obtained from themselves failed to produce significant 
reticulocyte responses. 

2. In 1 patient in relapse phase of pernicious anemia the oral 
administration (of 1000 cc. in 2 doses) of “peptically inactivated” 
normal fasting human gastric juice failed to produce a truly signifi- 
cant reticulocyte response (i. c., no greater reticulocytosis than we 
have observed to occur spontaneously in relapse phases of pernicious 
anemia). 

3. In 2 patients in relapse phase of pernicious anemia the intra- 
muscular injection of depepsinized normal fasting human gastric 
juice concentrates failed to produce significant reticulocyte responses. 

Conclusions. Our experiments fail to substantiate the results 
and hypotheses of IMorris and co-workers and of Greenspon, as 
regards the sole importance of "intrinsic factor.” While entirely 
negative, our e.xperiments constitute no grounds for disbelief in 
Castle’s fundamental “conditioned deficiency” concept of pernicious 
anemia. We believe that Greenspon, although possibly right in his 
conclusion that peptic digestion destroys “ ventriculin,” has not 
proven the rest of his hypothesis regarding the complete unimpor- 
tance of Castle’s “extrinsic” factor and “interaction product” 
mechanisms. 

Wc are indebted to Dr. Stuart Mudd and Dr. Earl Flosdorf for a55:st.ance in pre- 
paring lyopbilixed gastric juice, and to Dr. illiana Stadie and Miss Helen O Bricn 
for technical ad^ce in preparing gastric juice concentrates. 
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THE EFFECT OF AMIDOPYRIN UPON THE RED, WHITE AND 
POLYMORPHONUCLEAR BLOOD CELLS OF A 
SERIES OF 100 PATIENTS. 

By William B. Rawls, M.D., F.A.C.P., 

ADJUNCT PROFESSOR OF MEDICINE, NEW YORK POEYCLINIC MEDICAL SCHOOL AND 

HOSPITAL, NEW YORK CITY. 

(From the Arthritis Clinic.) 

In a previous paper,^ 2 patients were reported witli agranulo- 
cytosis which developed during the routine administration of 
amidopyrin. My first cases of agranulocytosis attributed to amido- 
pyrin medication were observed on February 4, 1933 (reported at 
the February Staff Conference of this hospital) and in June, 1933. 
Both were reported before the Clinical Society of the New York 
Polyclinic Medical School and Hospital in November, 1933. Since 
that time, 2 more cases have been observed in private practice and 
2 others in consultation. 

The literature on the subject is now voluminous. To date, 
however, there has not appeared any statistical analysis of the 
effect of amidopyrin upon the hematologic findings of a large series 
of patients. Although divergent views on the subject exist, it is 
believed that enough evidence has been published to indicate 
that amidopyrin bears some causal relationship to agranulocytosis. 
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A review of the literature is unnecessary, because this was recently 
analyzed by Kracke/ who collected reports of 172 cases attributed 
to drug therapy, of which 153 were probably caused by amidopjTin. 

Vaughan® showed that the ingestion of food to which a patient 
is sensitive may produce leukopenia. This, however, involves all 
of the white blood cells and is not a true, agranulocytosis. Squier 
and Madison'* demonstrated skin sensitivity to amidopyrin by patch 
testing of 2 or 3 patients who had recovered from agranulocj'tosis. 
On the other hand, Benjamin and Biederman,® using patch methods, 
found no evidence of the allergic state in their patients. Taussig® 
reported a case of urticaria developing after a 5-gr. dose of amido- 
pjTin, although a few months pre\dously the patient had taken 
it wdthout any toxic effect. The author has observed 3 cases of 
urticaria which developed during amidopyrin medication. In these 
cases, the urticaria appeared after only a few doses of amidopjTin. 
The exact method by means of which amidopyrin acts to produce 
agranulocytosis is still in doubt. Kracke® discussed the different 
theories and the reader is referred to his monograph for a more 
detailed report. 

The present study was undertaken to determine (1) the frequencj’' 
of the occurrence of agranulocytosis in a series of 100 patients 
treated with amidopjTin, and (2) any change in the red and white 
blood cell counts, or polymorphonuclear counts, of patients who 
were treated with amidopjrrin but did not develop agranulocytosis. 
This was done in an effort to determine if agranulocytosis might be 
due to drug idiosyncrasy or if leukocytic changes occur with any 
regularity during the coimse of amidopjTin medication. 

In some cases, magnef)jTin, a preparation containing a mixture 
of amidopyrin (21 gr.) and magnesium carbonate (4 gr.), was used, 
usually 3 or 4 of these tablets being administered daily for varying 
intervals. The other patients were given amidopjTin (5 gr.), 3 
or 4 times daily. The patients each received a mean daily dose of 
13.08 gr. and a mean total amount of 1098 gr. of amidopjTin during 
a mean interval of 84.36 days. 

Patients with rheumatoid and miscellaneous artluitis (including 
mixed and osteoarthritis) were selected for study whenever they 
were admitted to the clinic. A complete blood count, sedimenta- 
tion rate and nuclear count was made on each patient about every 
7 to 10 days. The laboratory data used for statistical study were 
(fl) the white blood cell count, (b) the red blood cell count, and 
(c) the poljTnorphonuclear count. 

The cases were divided into tlie following five groups according 
to the sex and type of arthritis: Group 1, males with rheumatoid 
arthritis; Group 2, females with rheumatoid arthritis; Group 3, 
males with miscellaneous arthritis; Group 4, females with mis- 
cellaneous arthritis; and Group 5, the 100 cases as a whole. 

Frequency of ihc DcrclopmciU of Agmnnlocytosi.'i in Paticnix 
Bcccivmy Amidopyrin Medication. During the past 3 years, over 
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100,000 tablets of amidopyrin, or amidopyrin mixed with magnesium 
carbonate, were administered to 400 patients in the clinic and in 
private practice. Of these, 4 (1%) (1 male and 3 females) devel- 
oped agranulocytosis and 3 of them died. Although this incidence 
is small, it is important because of the high mortality rate. 

The male (aged 48) and 1 female (aged 33) had severe rheumatoid 
arthritis -of long standing. The other females (aged 69 and 75) 
had osteoarthritis. Thus it appears that the agranulocytic syn- 
drome usually occurs in elderly people or in those with long-standing 
infection. Therefore, amidopyrin is never given to patients over 
60, or to those with long-standing infection, e. g\, rheumatoid 
arthritis with loss of weight, poor appetite, anemia, etc. Amido- 
pyrin does not appear to affect the younger patients who do not have 
these complications. 


Table 1. — Analysis op Vahiations in the 4 Groups. 


Group. 

1 Type. 

[ 1 



P.E. of 
dif. 

1 

Dif. ' 

1 

%. 

Result. 

1 

1 1 

Males with rhcvi- 1 

12 

Lck. 

±809.6 

-557 

0.690 

Not significant. 

1 

matoid arthritis | 


Polys. 

±2.7031 

-3 ’ 

1.147 

Not significant. 

! 

1 


R.B.C. 

±123.690 

4-500,000 

4.043 

Significant (more 






1 

than 3 X P.E.), 

2 1 

Females ivith rlieu- 

32 

Lck. 

±362.9 1 

4-1,028 

2.800 

Prob. significant. 


matoid arthritis 

1 

Polys. 

±1.439 

-f 1. 

0.695 

Not significant. 




R.B.C. 

±69.935 

4-80,000 

1.159 

Not significant. 

3 

Males with misoel- 

17 

Lck. 

±523.9 

-107 

0.200 

Not significant. 


lanoous arthritis 


Polys. 

±1.9587 

+5 

2.552 

Doubt, significant. 




R.B.C. 

±119,220 

4-160,000 

1.342 

Not significant. 

4 

Females with misoel- 

39 

Lck. 

±325.5 

4-104 

0.320 

Not significant. 


lanoous arthritis 


Polys. 

±1.2033 

-3 

2.552 

Doubt, significant. 

! 

All cases 



R.B.C. 

±73,783 

4-110,000 

1.490 

Not significant. 


100 

Lck. 

±225 

4-290 

i 1.289 

1 Not significant. 




Polys. 

±.8338 

-.58 

1 .688 

Not significant. 



1 ' 

R.B.C. 

i 

±44.559 

4-155,790 

3.5 

Significant. 


In 5 other patients, the white blood cell count was reduced from 
about 5000 to about 3000 and the polymorphonuclear count was 
reduced from approximately 50 to 35%. On the other hand, an 
occasional initial polymorphonuclear count of about 35% was in- 
creased to about 55% with a coincident rise in the white blood cell 
count. Since a low white blood cell count and polymorphonuclear 
cell count existed in a few patients, the above-mentioned reductions 
in the white blood cell count were not considered significant. 


Analysis of 100 Cases. (Exclusive of 4 that developed agranulocytosis.) 
The follovdng standard formulas as published by Kent^ have been used in 
the calculations. Group 2 data are used for illustration. 

Standard Deviation. 


s = 


^ /S(X^) 
V N 


, where s = standard de-vdatioh, S = the sum, = the 


squares of the iadmdual de-viations from the mean, and N = the number 
of values in the series, or: 

sum of the squares of the individual delations from the mean 

number of cases 


•nI 
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If X = _the initial deteminations and y = the final determinations, then 
substituting the values of the white blood cell counts in Group 2, we have; 


c; _ 

V 32 


■\/ 3,363,028 = 1833 . 8, ■which is the standard 


deiuation of the initial -n'kite blood cell counts. 
Like'nuse, Sy = ^ 


[169,826,000 


32 


= \/5,307,060 = =i= 2303. 8, ■which is the 

standard dewatiop of the final ■white blood cell counts. 

Probable Error of the Mean. Using the above symbols, the probable 

g 

error of the mean (PEm) is calculated as follows; PEm = 0.6745 X — 7 =^. 

VN 

Substituting the values of the white blood cell counts, PEm, = 0.6745 X 
1833 8 

= =1=218, which is the probable error of the mean of the initial white 


230.38 

V3T 


=274, which 


-\/32 

blood cell counts. Like^ense, PEmy = 0.6745 X 

is the probable error of the mean of the final white' blood cell counts. 

Probable Error of the Difference. PearP states that “The probable error 
of the difference between any two independent quantities (i. e., quantities 
such that there is no correlation between their errors) is equal to the square 
root of the sum of the squares of the probable errors of the quantities enter- 
ing into the difference,” or: V (PEmX)- + (PEmY)" = the probable error 
of the difference, where X and Y are the independent quantities entering 
into the_ difference. In the present instance X = the initial and Y the 
final white bloo d cell counts. S ubstituting the values of the white blood 
cell counts; •%/ (218)= + (274)= = ±362.9, which is the probable error of 
the difference. According to Pearl,® “It has been practically a universal 
custom, among biometric w'orkers to say that a difference (or a constant) 
wliich is srnaller than twice its probable error is probably not significant, 
whereas a difference (or a constant) which is three or more times its probable 
error is either ‘certainly’ or ‘almost certainly' significant.” The difference 
equals the difference between the initial mean white blood cell count and 

1028 

the final mean white blood cell count, or -}-1028. Therefore, gg2~g ~ 

or the difference is over twice the probable error of the difference. Although 
this difference is slightly less than 3, the value, Pearl® says, is certainly 
significant; it so closely approximates this number that it might be consid- 
ered a significant increase. 

The above methods of calculation are used throughout this analysis. 


Discussion. When the series of 100 cases is considered as a 
whole, the only change noted is a significant increase in the red 
blood cell counts. A^Hien, however, the groups are analyzed sepa- 
rately, there is a definitely significant increase in the red blood cell 
counts in males A^^th rheumatoid arthritis, a significant increase 
in the white blood cell counts of the females with rheumatoid 
arthritis and a possible significant decrease in the i)olyraorphonu- 
clear counts in females with miscellaneous arthritis. It is interest- 
ing to note that the red blood cell counts are increased in all groups 
ail'd that no definitely significant hematologic decrease occurred in 
any group. From this, it might be maintained that agranulocytosis 
developing during the course of amidopyrin medication must be 
due to an individual hypersensitivity or idiosyncrasy. 
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Conclusions. Exclusive of 4 patients who developed agranulo- 
cytosis, there was no appreciable change in the white blood cell 
counts or polymorphonuclear counts of 100 patients who were 
given amidopyrin daily for prolonged periods. 

There was a significant increase in the red blood cells. 

Agranulocytosis developed in 1 % of 400 patients who were given 
amidopjTin medication. 

It is concluded that amidopyrin does not produce hematologic 
changes, except in certain isolated cases where there is probably 
an idiosyncrasy toward the drug. 
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THE RELATION BETWEEN THE SUSPENSION STABILITY OF 
ERYTHROCYTES AND VARIOUS CONSTITUENTS OP 
PATHOLOGIC HUMAN BLOOD.* 
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In health the suspension stability of the blood is maintained 
with remaxkable constancy. In disease it is diminished so that the 
erythrocytes separate from the plasma with varying degrees of 
rapidity. What is the cause of the increased rate of erythrocyte 
sedimentation? 
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Fahraeus* concluded that the increased sinking A'elocity of the 
red blood corpuscles depends upon: (1) An increased agglutination 
of the corpuscles, and (2) on a diminution in their number. In a 
series of experiments in Avhich he used horse blood proteins he 
showed that the “agglutination capacity of the plasma” was the 
primary factor in producing a rapid sedimentation of erythrocytes. 
He also showed that the most rapid sedimentation and, therefore, 
the maximum agglutination, took place in solutions of fibrinogen, 
the less rapid in solutions of globulin, and the least rapid in solutions 
of albumin. He further showed that there was no relation between 
the sedimentation rate and the total plasma proteins. In a second 
publication^ he stated that the phenomena of increased sinking vel- 
ocity of the red blood corpuscles and the increased percentage of 
serum globulin and fibrinogen occurring coincident! “stand in. 
direct causality.” 

Westergren^’'* concluded that there was a definite correlation 
between the plasma or serum proteins and the rate of sedimentation 
of erythrocytes. T/iis rate u defined in millimeters of drop per hour 
of time. From a series of 100 analyses, Westergren selected the 
middle 62 for statistical study. "V^Tien he plotted the values for the 
various blood proteins against the sedimentation rate tliese appeared 
to fall along a straight line. Westergren’s values for the correlation 
coefiicients between fibrin, globulin, albumin and the sedimentation 
rate are shovm in Table 1, p. 181. 

Since Westergren’s original data were published it has been 
considered advisable to subject them in their entirety to statistical 
analysis. Tlie data were complete in 97 instances. Correlation 
coefficients, correlation ratios and partial correlations were calcu- 
lated.* The results are shown in Table 2, p. 181. 


♦ 


The correlation coefficient used in this study is that of Karl Pearson, rxy — 



ji<rx(ry 


(Yule, G. U.; An Introduction to the Theory of Statistics, 10th cd,, London, 
Charles Griffin & Co., p. 173, 1928.) It mc.asures agreement or disagreement between 
two variables in terms of variations from their respective means. It docs not mcmuTC 
cause and effect, although this conclusion may bo reached by the investigator in the 
interpretation of his results. 


The correlation ratios, Vm = , = (Ibid., p. 205), measure the approach 

(Tx cjy 

of values of x associated with given values of v (or ticc versa) to a single-valued 
relationship of anj' form, not necessarily linear as is the case of the Pearson correla- 
tion coefficient. The difference between ifn/' — rxy' is a measure of the divergence 
from linearity of the regression of x on y. 

The partial correlation coefficient is used when three or more variables have been 
SxM 

intercorrelated, using Txy = ’ ,and when one or more of these variables is held 

nCTiffi, 

constant in order to determine their inffuence on the relationships e.stablished. If 
there were three variables, x, y and r, and it was desired to test the influence exerted 
by I on vzy, z could be rendered constant by using the following formula for partial 


correlation, tzs/.x 


Tzy — rrr ■ Ty x 
-v/i — Tx:' — v/i — ryz- 


(Ibid., p. 2.39.) 
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Table 1.— Corkelation Coefficients Between Sedimentation Rate, Fibrin, 
Globulin, Albumin and Total Protein. (Compiled from Westergrbn.) 


rSR-F = +0.82 

rSR-F* = +0.85 

rSR-G = +0.50 

rSR-A = -0.46 

rSR-FGA = +0.87 


'■SR-TP = +0.15=fc0.12 

rp-G = +0.34 

rp-A = -0.30 

TG-A = -0.42 


* n = 97, all others n = 62. SR = sedimentation rate. F = fibrin. G = 
globulin. A = albumin. TP = total protein. 


Table 2. — Measures of Relationship Between Sedimentation Rate, Fibrin, 
Globulin and Albumin. (Calculated from Westerghen’s Data.) 


Correlation ratios. 



Correlation 


* 


coefficient. 

Vxy. 

Vyx. 

SR-F 

. . . . +0.85 

0.87 

0.89 

SR-G 

. . . . +0.60 

0.64 

0.64 

SR-A 

. . . . -0.50 

0.58 

0.64 

F-G 

. . . . +0.54 

0.56 

0.58 

F-A 

. . . . -0.43 

0.54 

0.46 

G-A 

. . . . -0.-56 

0.57 

0.62 

Table 3.— Coefficients 

OF Partial Correlation 

Between 

Sedimentation 

Rate and Fibrin, 

Globulin and Albumin. 

(Calculated from 


Westergren’s Data.)* 



Zero order correlation 

First order partial 

Second order partial 

coefficients. 

correlation coefficients. 

correlation coefficients. 

rSRF = +0.85 

rSRF . G = +0.78 

rSRF . 

GA = +0.77 

, 

rSRF . A = +0.81 



rSRG = +0.60 

rSRG . F = +0.34 

rSRG . 

FA = +0.26 


bSRG .A = +0.46 



rSRA = -0.50 

rSRA . F = -0.30 

J-SRA . 

FG = -0.18 


rSRA . G = -0.24 




All coefficients are significant in terms of their probable errors, except rSRA . FG. 


The data in Tables 2 and 3 show: 

1. The values of the correlation coefficients between sedimenta- 
tion rate and fibrin, globulin and albumin, respectively, when the 
total number of cases is studied, agree with Westergren’s findings 
as published for the selected sample. 

2. By calculating correlation ratios it was found that these are 
not significantly higher than the correlation coefficients. It may 
be assumed, therefore, that the relationships between sedimentation 
rate and the various serum proteins are linear. 

3. By calculating the partial correlations upon which the multiple 
coefficient ('‘SR . FGA) depends, it was found that the increase in 
sedimentation rate and the increase in the amount of fibrin are 
closely related even when globulin and albumin are rendered con- 
stant, but that an increase in globulin is not correlated to any 
appreciable extent with rapidity of sedimentation after the influ- 
ence of fibrin is rendered constant. The negative correlation 
between sedimentation rate and albumin .(—0.50) seems to depend 
entirely upon the negative relationship between albumin and fibrin 
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and albumin and globulin, because, when fibrin and globulin are 
rendered constant the correlation is reduced almost to zero. 

4.^ These findings explain the high multiple correlation eoefiicient 
(0.87) which IVestergren obtained between sedimentation rate and 
fibrin, globulin and albumin when taken collectivel 3 ^ The increase 
in the multiple correlation coefficient of only 0,05 over the highest 
zero order correlation coefficient (0.82 between sedimentation rate 
and fibrin. Table 1) indicates that the globulin and albumin play 
little, if any, part in establishing the positive multiple correlation. 
It must also be pointed out that the correlation coefficient between 
sedimentation rate and albumin is negative, as are also the correla- 
tions between fibrin and albumin, and globulin and albumin. The 
multiple correlation coefficient is always positive in sign and greater 
than the highest value of any correlation which is contained in its 
formula. 

The following study was undertaken in order to determine what 
effects variations in the blood serum proteins and blood counts 
have upon the suspension stability of erythrocytes. The suspension 
stability is defined as those forces tending to impede the sedimenta- 
tion of erythrocytes in plasma. An increase in svspension stahiliiy 
indicates a prolongation in sedimentation time and vice versa. 

Materials and Methods. An attempt was made to obtain samples 
from hospital patients suffering from a variety of illnesses and 
exhibiting wide variations in sedimentation tim'e. Samples from 
normal persons were excluded from this study. 

With few exceptions all analyses were done on a single sample 
of venous blood. In most of the cases the blood counts were done 
on blood obtained from the finger or ear shortly before or imme- 
diately after collection of the sample of venous blood. 

All of the sedimentation tests were done as follows: 0.2 cc. of 
5% .sodium citrate solution was aspirated into a tuberculin syringe, 
then 0.8 cc. of blood was aspirated and this mixture was thoroughly 
agitated. The sample of citrated blood, free of air bubbles, was 
transferred to a Friedlaender tube and the time necessary for the 
column of erythrocytes to settle IS mm. was recorded. 

The serum protein, globulin and albumin analyses were done by 
means of the clinical methods of Greenberg.^ 

Tlie hemoglobin Avas determined by means of a Sahli hemoglobin- 
ometer (100% equals 14 gm. of hemoglobin per 100 cc. of blood), 
and the standard methods were employed for counting erythrocytes 
and leukocytes. 

The data for sedimentation time, total protein, serum albumin, 
scrum globulin, albumin-globulin ratio, red blood corpuscle count, 
hemoglobin content, white blood cell count and neutrophil count 
' obtained from 102 patients suftering from various diseases were 
conqiiled and studied. 

Globulin. The correlation coefficient of -0.27 beriveen .scdimen- 
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tation time and globulin content, although of low magnitude, is 
statistically significant. On the average, when the globulin content 
is low the sedimentation time is prolonged. 


Table 4.— Means, Standabd Deviations and Measures op Relationship 
Between Sedimentation Time and Various Constituents of 
Pathologic Human Blood (102 Cases).* 





Correlation 

Correlation ratios 



Standard 

coefficients 

with sed. time. 


Means. 

deviations. 

with sed. time. 

,, ^ 






vyST. 

VSTy. 

Globulin ... 

. . 2.54 

0.61 

-0.27 

0.33 

0.31 

Albumin 

. . 3.92 

0.79 

+0.23 

0.28 

0.27 

A/G ratio . 

. . 1.62 

0.44 

+0.43 

0.50 

0.47 

Total protein . 

. . 6.51 

1.10 

+0.06 

0.24 

0.27 

R.B.C. count . 

. . 4.25 

0.80 

+0.41 

0.52 

0.58 

W.B.C. count . 

10,658 

15,622 

+0.26 

0.9U 

0.34 

W.B.C. countt 

10,015 

5,845 

+0.11 

0.25 

0.16 

Pmn count 

. . 68.80 

15.50 

-0.28 

0.55 

0.44 

Sedimentation time 

. . 96.00 

117.50 




Sedimentation timet 

. . 92.50 

112.00 





* All coefficients are significant in terms of their iirobable errors excepting +0 . 06, 
+0.11 and 0.10. 

t Case No. 100 omitted (W.B.C. count, 160,000). . 

j This value for tj of W.B.C./ST is disproportionately high because of the inade- 
quate distribution which results when arrangements are made to accommodate 
Case No. 100. 

Albumin. The correlation coefficient of +0.23 between sedi- 
mentation time and albumin is low but statistically significant. On 
the average, when the albumin content is high, the sedimentation 
time is prolonged. The positive correlation of 0.43 between the 
albumin-globulin ratio and the sedimentation time indicates that, 
on the average, as the sedimentation time becomes prolonged, the 
greater the content of albumin relative to globulin. 

Total Protein. There is no linear relation between sedimentation 
time and total protein. The correlation ratios show a low statisti- 
cally significant value along a curve. This probably depends upon 
the fact that as the value for the sedimentation time increases 
above the mean, the total protein, showing less variation, reaches 
a level around its mean. It must be pointed out that only 8 cases 
in a total of 102 functioned to produce this effect. It is also interest- 
ing that these same 8 cases have red blood corpuscle counts greater 
than the mean for red blood cell counts. 

Red Blood Cell Count. The correlation coefficient of +0.41 
signifies that, on the average, as the red blood corpuscle count 
increases, the sedimentation time also increases and vice versa. 

White Blood Cell Count. The total white blood cell count bears 
little, if any, relationship to the sedimentation time. On the other 
hand, as the sedimentation time increases, the neutrophil count 
decreases and vice versa. This relationship fits a curve better than 
it does a straight line, as is indicated by the difference between the 
correlation coefficient of —0.28 and the ?;y.sT of 0.55. 
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Discussion. — ^From the foregoing presentation of the data of 
Westergren (Table 3) it appears' that the sedimentation rate is 
influenced to a certain degree by the fibrin content and to a much 
lesser degree by the globulin content of the plasma. To conclude 
that a cause and effect relationship exists between an increase in 
the globulins (fibrin and globulin) and an increase in the sedimenta- 
tion rate is not justifiable. A cause and effect relationship cannot 
be inferred from our data. - 

Table 5. — \AiiTJES for the Plasma Proteins and Sedimentation Time of the 



Blood 

OP Horses, 

Rabbits and 

Man. 



Total 

serum 




Sed. time. 


protein. 

Albumin. 

Globtilin. 

Fibrin. Fibrinogen. min. 

Horse® 

. 6.95 

2.46 

3.84 

0.65 


Horse’1 . 

Horse"^: 

S.Ol 

2. SO 

4.79 


0.45 

Age, 1-2.5 yra. 

. 6.21-7.40 

2.22-2.84 

3.38-5.22 


15-60 

Age, 4-15 yrs. 

. 6.91-8.63 

1.82-3.02 

3.92-6.13 



Horsc^ 

. 5.76-7.23 

3.01-3.27 

2.49-4.17 


0.34 

Man® .... 

7.19 

4.45 

2.73 


0.30 

Man'" 

7.26 

4.01 

2.83 


0.42 180-660 

Rabbit® . 

. 5.55-6.05 

, 4.10^.47 

1.45-1.58 



Rabbit* . 

5.40 

3.03 

1.86 

0.50 

600-2400 


A study of the variations in sedimentation time in relation to 
plasma and serum proteins in different species reveals that some 
factor other than the proteins must be responsible for altering the 
suspension stability of the blood. The blood serum globulin content 
among the different species does not vary to any great extent, while 
the sedimentation time which does, appears to be characteristic for 
each species. The values charted in Table 5 illustrate that the 
A'ariations in sedimentation time are out of proportion to the 
- variations in the different protein values. 

Table G. — A'alues fob the Pi.As.^rA Pkotei.vs axd Sedimentatjo.v Time or the 

Blood in Nephrosis. 


Total 

ecnim Scrum Scrum Scd. Umc. 

Case. protein. albumin. globulin. min. 

1 2.76 0.95 l.Sl 7 

2 2. SO 1.00 l.SO S 

3 3.85 2.40 1.45 16 

4 5.48 2.17 3.31 17 

5 .... 3.90 2.01 1.70 18 

G , 4.74 2.20 2.54 :!0 

7 ' . 6.30 3.20 3.03 30 

S . . . 4. .39 2.90 1 55 52 


A similar phenomenon may be observed if one studies^ the yaria- 
tions in the protein and sedimentation time in a series of cases of 
nephrosis. Here again it is noted that the variations in the sedi- 
mentation time is great, while the variation in the globulin content 
is much less. In addition, the prolongation of the sedimentation 
time docs not parallel the values found for serum globulin. 
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Faliraeus^ pointed out that the red blood corpuscles are agglu- 
tinated by many substances, including certain colloids and emulsoids 
and that the rapidity of formation and size of the agglutinated 
mass of corpuscles, bears a certain relationship to the rate of sedi- 
mentation. 

Lucia and Brown^^ have sho^vn that the suspension stability of 
erythrocjdes is markedly diminished in solutions of gum acacia 
in' vivo and in vitro. They state that, “although there appears to 
,be an association between an increase in blood serum globulins and 
a diminished suspension stability, the real causative factor is an 
agglutinant which may or maj’’ not be associated with the globulins.” 

In another series of in miro experiments it was shown that the 
suspension stability of erythrocytes was more often increased than 
decreased in solutions of animal and human blood serum globulins.^® 

Summary. An analysis of the suspension stability of erythrocytes 
in 102 cases reveals that the sedimentation time is apparently 
accelerated as the globulin content of the serum increases and is 
retarded as the albumin content of the serum increases. These 
correlations, although low in value, are statistically significant. A 
cause and effect relationship cannot be said to exist between an 
increase in the blood serum globulin and an acceleration in the 
sedimentation time. 

A. diminution in the red blood corpuscle count, or an increase in 
the neutrophil count, is associated with an increase in the sedimenta- 
tion time. 

The authors take this opportunity to thank Mrs. E. L. Lucia, Assistant Professor 
of Biometry, Department of Hygiene, for valuable assistance in the analysis of these 
data. 
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THE RELATIONSHIP BETWEEN ALCOHOLIC INTOXICATION 

AND ANOXEMIA.* 

By R. a. McFarland, Ph.D., 

DEPARTMENT OF PSYCHOLOGY, COLUMBIA UNIVERSITY, 

AND 

A. L. Barach, M.D., 

DEPARTMENT OF MEDICINE, COLLEGE OF PHY6IOIANS AND SURGEONS, 

NEW’ YORK CITY. 

■ Frequent references have been made in studies of anoxemia, 
on mountain expeditions., altitude flights or in low oxygen chambers, 
to the similarities in the behavior of a person suffering from ox;s'gen 
want to one under the influence of alcohol. BarcrofP believes that 
the symptoms of acute anoxia are precisely those of alcoholic intox- 
ication and that "acute oxygen want simulates drunkenness, while 
chronic anoxemia simulates fatigue.” ■ Under both conditions a 
person may become irrational and uninhibited and lose the capacity 
for self-criticism, association, memorj’, sensitivity and motor control. 
In summarizing the psychological effects of anoxemia j\'IcFarland-has 
also pointed out this striking resemblance and in experiments with 
low oxygen he reported that the most frequent initial remark from 
naive observers was related to feelings of alcoholic intoxication. 

After Y. Henderson^ discovered that CO 2 caused a more rapid 
de-etherization after narcosis. Hunter and Mudd'* reported that 
patients in coma due to alcohol were improved in some cases to the 
state of mental clarity following the inhalation of 7 to 10% CO 2 
for one-half hour. Palthe* found in guinea pigs and rabbits that the 
loss of control of postural reflexes due to alcohol could be improved 
by inhaling pure oxygen. In human subjects he observed that acute 
smnptoms of intoxication following e.xcess alcohol could be coun- 
teracted with pure oxygen and that delirium tremens patients 
could be improved with oxygen (with or without 5 % CO 2 ) . Recently 
Robinson and Selesnick® reported striking reduction in the venous 
blood alcohol of inebriates following the inhalation of 90% O 2 and 10% 
GO 2 for ^ hour. Nevunan and Card” found no significant change 
however in the total body alcohol of less intoxicated subjects under 
similar experimental conditions. 

Hunter and jMudd attributed the more rapid elimination of alco- 
hol to the increased pulmonaiu’ A’-entilation induced by the CO 2 
while Palthe thought the oxygen counteracted the reduced oxygen 
metabolism of tissue cells produced by the alcohol since the symptoms 
reappeared if the oxygen mask was removed too soon. Thus it ap- 
pears that oxygen and CO 2 tend to reduce the .symptoms of alco- 

• This rcso.irch was Bi)onsorpcl i)y funds from (lie Council on Rc-scarch in the 
Social .Sciences of Columbia University and by crants of ox>-pen and nitropen from 
The Linde Air Products Company. The blood nleohol and lactic acid determinations 
were made by H. Goldstein. Ph.D, 
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holism. But it is not clear whether this effeet is due to a diminution 
of alcohol in the blood or to a facilitation of the use of oxygen in 
the, tissues. 

Himwieh® has reviewed the evidence relative to elimination of 
aleohol from the body and to the variables whieh influence the rate 
of oxidation. Mellanby® says that alcohol is oxidized at a constant 
rate regardless of the amount present in the body. Haggard and 
Greenberg® take exception to Mellanby’s view however,, stating 
that the rate of oxidation is proportional to the amount present. 
Only a small proportion is eliminated through the lungs, kidneys 
and skin. For the most part alcohol disappears from the blood after 
absorption by oxidation in the tissues and supplies a limited amount of 
energy. Durig' “ found the use of alcohol as a source of muscular energy 
physiologieally unsound in mountain climbing at high altitudes. 
This finding is in agreement with the observation of Himwich,“ 
of an increase in lactic acid following the ingestion of alcohol. 
According to Carpenter^®'^® the disappearanee of alcohol is accounted 
for in terms of heat and not in energy for bodilj^ use. Contrary to the 
findings of Voltz and Baudrexel,*'* Carpenter reported that the 
amount of work in exercise experiments had no significant effect 
on the rate of oxidatibn as determined by the respiratory exehange 
and the amount of alcohol in the expired air, urine and blood. In 
testing the response of subjects to a standard exercise in air and in 
high pereentages of oxygen with and without alcohol, Baracli^® 
found that breathing 50 % O 2 produced a greater percentage decline 
in rate of respiration and pulmonary ventilation in exereising sub- 
jeets who had ingested alcohol than in those who had not. 

In following the course of alcohol in the blood of rabbits at sea 
level and at high altitudes Biehler^® reported that the coneentration 
decreased with increasing altitude. He attributed this effect to 
the greater frequency of breathing at high altitudes. Bornstein 
and LoewjA^ attribute Biehler’s results to the fact that the rabbits 
were not tested under fasting conditions. They found, on the con- 
trary, that the eoncentration of alcohol in the blood of fasting human 
subjeets rose more rapidly and to a higher level at high altitudes 
than at sea level. The R. Q. also fell more after the ingestion of 
aleohol at high altitude than at sea level. McFarland and Forbes'® 
in a recent study in the Andes at 17,500 feet confirmed these results. 
Thus alcohol appears to have greater effect at high altitudes and 
this may be related to the anoxemia known to exist under these 
conditions. 

Gettler'® believes that the lower concentration of alcohol one 
finds in the blood of the habitual drinker as compared to the neo- 
phyte is due to increased capacity for oxidation. In experiments 
with dogs he observed that the ingestion of increasingly greater 
amounts of alcohol was followed by increased tolerance to theoretic- 
ally lethal doses. 
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Various theories have been proposed to account for the sjunptoms 
which follow the ingestion of alcohol with general agreement that 
it is a depressant. Verworn-® believed that the essential means by 
which a narcotic acted -was through the medium of suppressed 
oxidation. Warburg-^ has showm that alcohol diminishes the O 2 
combining power of red blood corpuscles. Keilin^^ found that alcohol 
did not prevent the oxj^genation of cytochrome (respirator}^ pig- 
ment) in tissue cells, but that it did appear to stabilize the oxcyto- 
chrome so that the oxygen coidd not be removed with normal ease. 
QuasteP® believes that all narcotics including alcohol inhibit the 
oxidation of substances important in carbohydrate metabolism in 
the brain tissue, viz., glucose, lactic acid and pyruvic acid. Since 
one of the chief sources of energy of the brain lies in the oxidation 
of lactic acid, alcohol, according to Quastel, will diminish the supply 
of energy and hence depress functional activity. In studies of ex- 
cised brain tissue Robertson and Stewart-^ have shown that alcohol 
depresses the rate of oxidation by a high degree of absorption on the 
colloidal surfaces of the oxidative enzyme areas of the brain cells 
and displaces the more usual metabolites. Since there is no deficit 
of oxj'^gen in the blood except under conditions of severe shock, 
the symptoms can be attributed to the inability of the cells to utilize 
the oxygen in the blood. Such studies led Peters and Van Slyke“® 
to classify acute alcoholism as a histqtoxic anoxia. ' 

It appears that alcohol is ultimately a depressant and that the 
effect is related to the impairment of oxidation in the tissues, espe- 
cially the nervous tissue. It has been demonstrated that excess 
oxygen, and carbon dioxid will improve the well-being and mental 
clarity^ of a person suffering from excess alcohol. It is not clear, 
however, whether the excess oxygen acts by way of the tissues or 
by lowering the concentration of alcohol and lactic acid in the blood. 
The present investigation, therefore, has been carried out to deter- 
mine the extent to which alcohol brings about a condition of anoxia 
and the extent to which the inhalation of 50 to 60% oxj'gen and 
from 0.2 to 10% carbon dioxid will counteract the effects of excess 
alcohol. The criteria used were: 1, blood lactic acid; 2, blood alco- 
hol and 3, reactions to psychological tests. 

Experimental Procedure. ITie subjects were tested in a Barach por- 
table oxygen chamber, 7 feet high by 8 feet square, where the percentage of 
o.xygen and carbon dioxid, tlie temperature, and ventilation could be regu- 
lated. The ventilation was prowded by a motor blower which circu- 
lated the air through a tank containing large chunks of ice to cool and dr}' 
the air. The temperature was maintained between G5° and 70° F.; the 
humidity between 40 and 50%. The oxygen and carbon dioxid concentra- 
tions were maintained at the desired percentages by running in gas from 
cylinders outside the chamber. Determinations were made everj' 15 minutes 
on a simplified Haldane gas analysis apparatus. 

Twenty-three non-drinking, uith the exceptions of IMos and Boo, students 
served as" subjects. The average age was 23 years and the average weight 
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75 Idlos. Each subject was given a series of physical efficiency tests in- 
cluding basal metabolism and the Schneider index of neurocirculatory 
failure. Four of the subjects (Fre, Sor, Wal and 'Art) had basal rates 
below — 18. All were found to be in good physical condition. 

The subjects came to the laboratory in the morning without breakfast. 
After resting on a bed for 30 minutes they entered the chamber and were 
given the drink. In the lactic acid series under strictly basal conditions 
the subjects spent the night near the laboratory and rechned on a bed inside 
the chamber throughout the experiment. The subjects were unaware of 
the changes in the oxygen content except in the 5% carbon dioxid series 
which caused some distress because of the increased rate of respiration. 

The alcohol was ingested in doses of approximately 1 gm. per kilo of 
body weight and diluted in proportions of ^ alcohol to f water and orange 
juice. An attempt was made to disguise the alcohol with oil of orange and 
oil of juniper. This was difficult since the subjects could frequently detect 
the alcohol drinlcs from the controls due to the sensations in the intestinal 
tract. 

Samples of venous blood were taken 1 and 2 hours after the ingestion 
of the alcohol. In the lactic acid series a control sample was taken before 
the alcohol drink and care was taken to keep the subject from getting 
excited or from musciilarly exerting himself.. Twenty cc. of blood was drawn 
each time for the alcohol determinations, and 20 cc. for the lactic acid. 
Duplicates were run in each case. The amount of alcohol in the blood 
previous to the ingestion of alcohol with this method averages 0.012 gm. 
per cc. In 5 of our subjects the range was .011 to .014 mg. per cc. (Table 5). 
Gettler's method^^ was used in determining the blood alcohol and the Freide- 
mann, Gotonio and Shaffer^® method for lactic acid. The error of the Gettler 
method is 3 to 5 % and the lactic acid method 3 %. 

, Six psychological tests of varying degrees of complexity were given follow- 
ing the ingestion of alcohol to 14 subjects in the following order: 1, Choice 
Reaction, 2, Digit Symbol, 3, Color Naming, 4, Pursuit Meter, 5, Code 
Transliteration, and 6, McDougall Dotting test. The Choice Reaction 
test involved reacting as quickly as possible to one of 5 colored lights by 
pressing the corresponding key — score in hundredths of a second. In the 
Digit Symbol test the subject learned a code and wrote dovm the numbers 
corresponding to the symbols— score total number of digits transliterated 
in 4 minutes. The Color Naming test involved repeating as rapidly as 
possible the names of 400 colors consisting of 5 different colors — score in 
seconds. The Pursuit Meter involved keeping two pointers directly oppo- 
site each other, one pointer being controlled by an irregular cam. The 
deviations were recorded automatically — score total amount of deviation. 
The Code test required the subject to transliterate 50 letters as rapidly as 
possible— score in seconds. The McDougall Dotting test required the 
subject to mark the middle one of three dots in a row haphazardly spaced 
and exposed momentarily on a rotating drum — score total number of dots 
touched. 

The respiratory rate, pulse rate and blood pressure were taken at the 
beginning and end of each experiment except in Part III where the pulse 
rate was taken every 15 minutes throughout the 2 hours. 

Part I. In the first experiment 4 subjects, Wes, Edw, Mos, 
and Rob, were given the various psychological and physiological tests 
discussed above after the ingestion of f, 1 and TI gm. of ethjd 
alcohol per kilo of body weight, approximately 60 cc., 80 cc., and 
100 cc. The subjects took the psychological tests while seated at a 
table in the chamber. 
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Table 1 and Figure 1 shows the percentage of alcohol in the blood 
of subjects breathing air and 50% oxj-gen and 2% carbon dioxid 
following the ingestion of various alcohol drinks. In comparing the 
amount of alcohol in the blood after the ingestion of f gm. per kilo 


^ Blood Alcohol (^. per 100 cc.). ^ 




Fig. 1.— Grams of alcohol per' 100 cc. of blood following ingestion of alcohol. A, gm. per 
kilo body weight — cun'cs based on averages of 13 subjects; Ji, 1 gm. per kilo body weight 
4 subjects; C, li gm. per kilo body weight— 4 subjects: £>. 3 fmi. per kilo body weight— 10 
subjects. Basal conditions maintained throughout blood sampling period. 

body weight in air with a similar drink in 50% oxygen and 2% car- 
bon* dioxid two subjects, Wes and IMos, were not affeeted and 2 
subjects, Edw and Rob, were benefited by the oxygen-carbon dioxid 
mixture. In the second series with 1 gm. per kilo body weight in 
high oxwgen the blood alcohol determinations were lower in all 4 of 
the subjects. With tlie largest drink of alcohol, i. c., II gm. per 
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kilo body weight, the inlp^o^^ement was very significant after 1 
hour in the cases of Wes, Rob, and Mos. In this series the proced- 
ure was slightly altered in that each subject breathed mixtures of 
80% oxjfgen and 10% carbon dioxid through a mask for 15 minutes 


Lactic Acid (mg, per 100 cc.), 






Eig. 2. — Milligrams of lactic acid per 100 cc. of blood following ingestion of alcohol. A, J gm. 
per kilo body weight — curves based on averages of 4 subjects. The alcohol-air curve is based 
on 9 subjects; B, 1 gm. per' kilo body weight — 4 subjects; C, 11 gm. per kilo body weight — 4 
subjects; D, 1 gm. per kilo body weight — 5 subjects. Basal conditions maintained throughout 
blood sampling period. 


following the ingestion of the alcohol and previous to entering the 
chamber. The differences are statistically reliable in the 1 gm. and 
Ij gm. per kilo body weight-series in 50% oxj^gen and 2% CO 2 as 
compared to air. 

Table 2 and Fig. 2 show the milligrams of lactic acid per 100 cc. 
of blood just before the drink was taken and 1 and 2 hours follow- 
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ing the ingestion of the various alcohol drinks as indicated. The 
increase in lactic acid following the control drink (no alcohol) was 
negligible. In the 10% oxygen (control drink with no alcohol) 
as well as following the ingestion of alcohol in air, there were sig- 
nificant increases in the lactic acid. These results are in accord 
with Himwich,*! who states that the lactic acid concentration in the 
blood of human subjects is increased after the ingestion of alcohol. 
On examination of Table 2 one finds in comparing the lactic acid 
determinations of subjects breathing high oxj-^gen with the same 
subjects breathing normal air that the lactic acid is lower in 10 of 12 
cases after 2 hours and in 4 of 8 cases after 1 hour. 

Table 1. — Blood' Alcohol Determination Following the Ingestion of 


Diluted Ethyl Alcohol in Air, and in 50% Oj and 2% CO 2 . 

Grams per 100 cc. of blood. 
Period, ^ 


Condition. 

hours. 

Wes 

Edw 

Mos 

Rob 

-J gm. alcohol in air .... 

A 

• 2 

.094 

.089 

.094 

.110 


1 

.0S9 

.096 

.098 

.103 


2 

.065 

.083 

.087 

.095 

3 gm. alcohol in 50% O 2 and 2% CO; 

1 

• 7 

.089 

.086 

.096 

.118 


1 

.085 

.080 

.097 

.091 


2 

.065 

.076 

.085 

.075 

1 gm. alcohol in air .... 

. 1 

.084 

.110 

.102 

.135 

2 

.134 

.126 

.100 

.091 

1 gm. alcohol in 50° 0- and 2% CO 2 

. 1 

.128 

.093 

.074 

.079 

2 

t 

.103 

.077 

.062 

.071 

1 i gm. alcohol in air .... 

. \ 

.057 

.064 

.112 

.134 

1 

.076 

.152 

.211 

.145 


2 

.125 

.107 

.107 

.150 

1 J gm. alcohol in 50% O 2 and 2% CO; i 

.058 

.107 

.113 

.121 


1 

.052 

.093 

.109 

.107 


2 

.050 

.089 

.121 

.098 

Part II. Because there 

AA'as a 

certain 

amount 

of movement 


involved in taking the psychological tests, a second series of lactic 
acid determinations was made on 5 subjects, Wes, hlos, Wal, Kne, 
and Rob, under strictly basal conditions. They reclined on a bed 
for an hour outside the chamber and after taking the first sample 
of blood they entered the chamber and laid quietly on the bed for 
the 2-hour period. In each case a sample of blood (20 cc.) was taken 
before the control or the alcohol drink and also 1 hour and 2 hours 
later. The results are sho^vn in Table 3 and Graph D of Fig. 2. 
In the control series (no alcohol) there Avas no significant increase 
in lactic acid during the 2-hour session. After the ingestion of ^ gra. 
of ethyl alcohol per kilo of body weight, all 5 subjects tested in air 
showed an increase in lactic acid Avhicli was verified on 2 subjects, 
Wal and Kne, on a repeated test. Later the 5 subjects took a similar 
drink in the cliamber filled Avith 50% oxygen-2% carbon dioxid. 
Basal conditions Avere maintained throughout the experiment. ith 
the exception of Kne there Avas a slight increase in each case, but 
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significantly less than in air. The series was repeated on Wal and 
TCne as in the previous series iri alcohol and air and the results were 
verified. The average lactic acid determination was significantly 
greater for all 5 subjects while breathing air compared with 50% 
oxygen and 2% carbon dioxid. That is, the chances were 98 to 99 
in 100 that the differences were reliable. 


Table 2. — Lactic Acid Detehminations After the Ingestion of Diluted 
Ethyl Alcohol in Air, and in 50% O 2 and 2% CO 2 . 


Milligrams per 100 co. of blood. 


Period, 



— 

- .. . 

Condition. 

hours. 

Rob 

Edw 

Mos 

Wes 

Control drink in air 

B 

16.6 

15.3 

16.5 

12.1 


1 

17.2 

17.5 

21.9 

12.6 


2 

15.4 

16.0 

18.3 

9.7 

Control drink 10% O 2 

B 

X 

2 

17.3 

35.2 

27.3 

13.4 


1 

m.6 

36.3 

25.9 

34.4 


2 

24.3 

39.9 

30.8 

46.9 

J gm. alcohol in air 

B 

.... 

14.3 

10.2 

9.7 


§ 

1 

30.1 

22.6 

12.6 

9.4 


2 

24.9 

19.2 

18.3 

29.9 

1 gm. alcohol in '50% O 2 and 2% CO 2 . 

1 

2 

1 

20.4 

19.2 

17.9 

14.4 

17.4 

14.6 

22.4 


2 

15.3 

13.4 

16.1 

12.1 

1 gm. alcohol in air 

B 

23.3 

26.7 

10.4 

16.7 


1 

26.7 

35.3 

23.8 

16.8 


2 

28.6 

34.2 

26.5 

28.5 

1 gm. alcohol in 50° O 2 and 2% CO 2 . 

B 

14.2 

16.2 

12.1 

17.5 


1 

21.9 

23.0 

28.7 

19.0 


2 

28.1 

19.0 

18.3 

20.6 

1 J gm. alcohol in air 

1 

*2’ 

26.4 

41.8 

26.7 

28.9 


I 

22.2 

43.4 

24.2 

22.8 


2 

31.0 

40.9 

42.3 

24.6 

1 j gm. alcohol in 50% O 2 and 2% CO 2 

1 

30.7 

35.1 

24.0 

26.2 


i 

21.8 

23.7 

24.2 

23.5 


2 

24.6 

20.7 

23.1 

24.7 


Part III. In this part of the experiment 5 subjects, Wol, Mel, 
Fre, Ber, and Joh, were given the series of psychologic and physio- 
logic tests after the ingestion of f gm., of alcohol per Idlo body weight. 
Blood samples were drawn 1, and 2 hours following the ingestion 
of the alcohol. 

In order to control the practice effeets in the psychologic tests 
and also to check each blood alcohol series under similar conditions, 
each subject came without brealcfast to the laboratory 11 times 
during a 3-month period. The experiments were given in the follow- 
ing order: 

1. Control drink— air. 

2. Control drink— 50% oxj^gen. 
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3. Alcohol —50% oxygen and 2% carbon clioxid. 

4. Alcohol— air. 

5. Alcohol — 50% oxygen plus 5% carbon dioxid. • 

6. Alcohol — 50% oxygen plus 5% carbon dioxid. 

7. Alcohol— air. 

.8. Alcohol— 50% oxj'gen plus 2% carbon dioxid. 

9. Alcohol— 50% oxj-gen plus 0.2% carbon dioxid. 

10. Control drink— 50% oxj'gen. 

,11. Control drink— air. 

Table 3. — Lactic Acid Detebminations Under Strictly Basal Conditions 
Following the Ingestion of Diluted Ethyl Alcohol in 
Amounts Equal to | Gm. per Kilo Body "Weight. 


Milligrams par 100 cc. of blood. 
Period, — . — — 


. Condition. 


))our3. 

Wes 

AIos 

Will 

Kne 

Rob' 

Contro) drink in air . 


B 

8.2 

9.5 

16.2 

10.4 

9.6 



1 

2 



18.0 





1 

10.0 

10 0 

17.6 

11.3 

10.4 



2 

8.9 

9.2 

15.6 

10.7 

11.3 

Alcohol in air: I 


B 

9.3 

9.7 

15.0 

17 1 

10.1 



X 

2 




21.8 




1 

16.8 

12.3 

23.8 

21.8 

11.8 



2 

22.9 

17.3 

26.0 

24.4 

20.0 

Alcohol in air; II 


B 



16.7 

12 8 




1 



22.5 

15.7 




2 



20.6 

15.5 


Alcohol, 50% O 2 and 

2% 





A B 


COj: I . . . . 


B 

8.0 

9.2 

14.1 

16.7 17.5 

8.8 



1 

11.3 

11.5 

12.3 

10.5 22.0 

10.9 



2 

11.5 

12.0 

13.1 

14.6 18.8 

11.1 

.\lcohol, 50% Oj and 

2% 







CO:: II . . . 


B 



14.9 

9.8 




1 



19.0 

9.0 




9 



18.4 

8.1 



Table 4 and Fig. 1 shows the grams of alcohol per 100 cc. of 
blood under the various conditions as indicated. If one compares 
the concentration of alcohol in the blood while breathing air with 
the series while breathing concentrations of 50% o.xj-gen plus 0.2 
to 5% carbon dioxid, it is apparent that the oxygen and carbon 
dioxid had the effect of lowering the alcohol concentrations. These 
differences are statistically significant. 

After the ingestion of alcohol in air there was an initial increase 
in the pulse rate followed by a fall. If a similar alcohol drink was 
taken while breathing concentrations of 50% oxygen and 5% carbon 
dioxid, then there was a noticeable increase in the pulse rate as 
well as in the variability which was associated with the increased 
puhnonarv ventilation "due to the excess carbon dioxid. If the 
alcohol was taken while breathing 50% oxygen and 2% carbon 
dioxid, the rate and variability of the pulse was diminished as 
com])arcd to a similar alcohol drink in air. Ihere 'v\as a tendency 
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for the pulse rate to be slowed in the control series with no alcohol 
. and 50% oxygen in the inspired air. 


Table 4.~Blood Alcohol Determinations Following the Ingestion of 
Diluted Ethyl Alcohol in Amounts Equal to f Gm. per' 

Kilo Body- Weight. 


Grams par 100 cc. of blood. 
Period. ^ 


Condition. 

hours. 

Wol 

Mel 

Frc 

Ber 

John 

Alcohol in air; I 

1 

2 

.050 

.060 

.131 

.084 

.114 


1 

.109 

.190 

.104 

.084 



2 

.090 

.102 

.177 

.069 

.065 

Alcohol in 50% O 2 and 2% CO 2 : I 

1 

2 

.043 

.018 

.043 

.032 

.059 


1 

.048 

.017 

.058 

.054 

.052 


2 

.058 

.035 

.052 

.051 

.040 

Alcohol in 50% and 5% CO 2 

1 

2 

.073 

. .030 

.085 

.046 

.068 


1 

.101 

.048 

.083 

.058 



2 

.108 

.063 

.077 

.079 

.069 

Alcohol in 50% and 5% CO 2 : II 

1 

.054 

.121 

.089 

.068 



2 

.089 

.106 

.074 

.082 


Alcohol in air: II 

i 


.068 





i 

.058 

.084 

.082 

.059 



2 

.102 

.092 

.164 

.082 


Alcohol in 50% O 2 and 2% CO 2 : 







II 

1 

.085 

.118 

.087 

.094 



2 

.080 

.090 

.094 

.095 


Alcohol in 50% O 2 and 0.2% CO 2 : 







I 

1 - 

.090 

.050 

.092 

.074 

.060 


1 

.099 

.059 

.090 

.073 

065 


2 

.100 

.059 

.061 

.050 

.059 


Part IV. Fourteen subjects were given an alcohol drink corre- 
sponding to f gm. per kilo body weight diluted with water and 
orange juice to equal a total volume of approximately 250 cc. Each 
subject came to the laboratory twice and was tested once in air 
and once on 50% oxygen and 2% carbon dioxid. Twenty cc. of 
venous blood was taken ^,1, and 2 hours after the ingestion of the 
alcohol. The results are given in Table 5. The procedure was 
slightly different in the case of Kne, Sor, Eck and Fel in that they 
took the series of psychologic tests mentioned above. All of the 
other subjects reclined on the bed throughout the 2-hour period. 
The averages of the blood alcohol determinations in air as compared 
with high oxygen gave statistically reliable differences for this group 
of 14 subjects. The differences were not reliable for individuals Eck, 
Sch, Cum, Dem, and Har. In the case of Sor, Wal and Art whose 
basal rates were below — 20 the differences were very marked. 

In order to determine the effects of 50% oxygen plus 2% carbon 
dioxid as compared to air, on the concentration of alcohol in the 
blood, the average for 23 subjects for the alcohol drink consisting 
of f gm. per kilo body weight was computed. Tlie averages for 
50% oxygen and air were compared at |, 1, and 2 hours and 
treated by Fisher’s method'^ for the reliability of the observed 
difference. The results indicate that ^ hour after the ingestion 
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of alcohol the chances are 70 to 80 in 100 that the observed difference 
is reliable, i. e., that the excess exj-^gen had a beneficial effect. At. 
the end of the 1-hour and 2-hour periods, the chances are 99 in 
100 that the decrease in blood alcohol in the high oxj^gen and 
carbon dioxid is reliable. 

Table 5. — Blood Alcohol Detbrmin.\tions Following the Ingestion of 
Diluted Ethyl Alcohol in Amounts Equal to f Gsi. peh Kilo 
Body tVEiGHT in Aik, and in 50% O 2 and 2% CO:. 


Grams per 100 cc. of blood. 


Condition. 

Period, 

hours. 

Kne 













Series 

Sor. 

Eck. lYan. 

Fel. 

Sch. 

Wal.lCnm.! Art. 

Max. 

Ben. 

DeiD.|Har. ■ Nat. 



I. 

II. 


. 1 








Alcohol in 

Before* 




... i.Olli ... 


.013 



.014 

.012 

.014 

air 

} 

.020 


.060 

.034 ... 

.036 

.bob 


.082 

.016 



' 


1 

.050 

.055 

.105 

.057 .073 

.057 

.079 

.131 

.074 

.073 

.060 

.054 

.046 1 .078 1 .063 


2 

.088 

.076 

.083 

.106 1 .064 

.067 

.074 

.147 

.063 

.085 

.069 

.059 

.053 1 .073 ! .047 

Alcohol in 

Before* 




. . . .013 



.012 




.012 

.014 ' 

50%Oj and 

i 

.061 


.054 

.0461 ... 

.041 

.046 


.053 

.065 

.039 

.041 

.083 1 .080 1 .036 

2% CO. 

1 

.07.6 

.037 

.061 

.178 1 .030 

.050 

.074 

.039 

.072 

.072 

.069 

.057 

.073 1 .078 .038 

2 

.055 

.051 

.035 

.103 ! .051 

.039 

.075 

.059 

.077 

.057 

.052 

.034 

.057 i .069 .024 


• Amount of alcohol in the blood previous to the ingestion of the alcohol drink. 


Psychological Tests. In Table 6 the average responses are shovTi 
for the 14 subjects who took the psychologic tests in air and in 
high oxj'gen following the alcohol drinks of | gm. per kilo body 
weight. In general the reaction of each subject after the alcohol 
drink was better with the 50% oxj’-gen and 2% carbon dio.xid than 
in air. In treating the data for the statistical reliability of the 
observed difference by Fisher’s Method, it was found that the differ- 
ences were rehable with the exception of the Choice Keaction and 
Digit Symbol tests in which cases the chances were only 40 to 50 and 
60 to 70 in 100 that the high oxygen had a significantly beneficial 
effect. The improvement in individual cases was verj'" striking. 
In several of the subjects, however, where the blood alcohol deter- 
minations were not significantly different in air and in high oxygen 
the ])sychologic tests likewise showed only slight differences if any, 
for example, Eck and Kne. 

The average individual response for each of the 14 subjects in 
the 6 tests sliows a general tendency toward improvement after 
the ingestion of alcohol in high oxj-gen as compared to air. Out 
of 84 chances to perform, im])rovement occurred in 63 cases (75%); 
12 (14%) cases were slightly worse and in 9 (10.5%) there was no 
significant change. 

In comparing the variability of response following the ingestion 
of alcohol in air and in 50% oxygen with the control series without 
alcohol, there is an increase in the standard deviation in all tests with 
the exception of Dotting. After the ingestion of alcohol in high oxy- 
gen the average responses were less variable as compared to alcohol in 
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air. This was especially noticeable in the Choice Reaction, Color 
Naming and Code tests. In each of these tests the standard devia- 
tion is approximately twice as large in air as in high oxygen (Table 6) . 

Table 6.— Kesults of Psychological Tests for 14 Subjects in Air, and in 50% 
O 2 and 2% CO 2 After Ingesting Diluted Ethyl Alcohol in 
Amounts Equal to J Gm. per Kilo Body Weight. 

Control Control Alcohol and Alcohol 


' 

Mean. 

air. 

S.D. 

50% O 2 . 
Mean. S.D. 

50% O 2 . 
Mean. S.D. 

air. 

Mean. 

S.D. 

Choice reactions . 

34.4 

2.3 

35.8 

2.9 

36.0 

3.9 

38.6 

6.5 

Color- naming 

48. 1 

5.9 

47.4 

7.3 

52.4 

8.5. 

61.1 

17.5 

Pursuit meter 

.37.9 

5.4 

35.0 

6.2 

40.5 

10.2 

43.9 

11.0 

Dotting . 

17.6 

2.5 

18.1 

2.8 

17.9 

2.4 

14.9 

2.5 

Digit symbol . 

164.5 

24.3 

170.3 

25.6 

157.3 

26.8 

139.6 

29.6 

Code test . 

118.1 

12.3 

119.7 

11.0 

122.1 

15.2 

137.3 

27.0 


Summary. In this study 23 subjects under various degrees of 
alcoholic intoxication were tested in an oxygen chamber to deter- 
mine the value of 50% O 2 and from 0.2 to 10% COo in counteracting 
the effect of the alcohol. The drinks varied from f to IJ gm. of 
ethjd alcohol per kilo body weight diluted to a total volume of about 
250 cc. or I alcohol and f water and orange juice. In order to 
determine the efficacy of the excess oxygen and carbon dioxid in 
counteracting the effect of the alcohol samples of venous blood 
were drawn | hour, 1 and 2 hours following the drink and analyzed 
for blood alcohol and lactic acid. The alterations in behavior were 
studied by a series of 6 psychological tests. The respiration, pulse 
and blood pressure was taken at regular intervals. Control experi- 
ments were run in air and low oxygen with and without alcohol. 
The results were as follows: 

1. The amount of alcohol in the venous blood showed a tendency 
to decrease while breathing 50% oxygen and excess carbon dioxid 
as compared to air. In a number of cases the decrease was more 
than 50%. In 5 of the 23 subjects, however, the decrease was not 
significant. 

2; An increase in the lactic acid of venous blood was observed 
following the ingestion of alcohol in air. This increase was not as 
great when the subjects breathed 50% oxygen and excess carbon 
dioxid. The observed differences were statistically reliable for the 
group, especially when the subjects reclined throughout the 2-hour 
period. 

3. After the ingestion of the alcohol in air the pulse and blood 
pressure on the average showed a transient rise followed by a return 
to the normal or subnormal rate. Following the larger doses there 
was a fall in the blood pressure and the pulse became smaller in 
volume. Following the alcohol drinks in 50 % oxygen the variations 
in pulse and blood pressure were not so great. The changes in rate 
of respiration- were not significant. In a few cases, however, the 
larger amounts of alcohol in air tended to decrease the rate of 
respiration. 
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4. There was a general tendency toward improvement in the 
6 psychologic tests after the ingestion of alcohol in high oxygen 
and excess carbon dioxid as compared to air. The variability of 
reaction also decreased in high oxygen. The average differences 
for the group of 14 subjects were statistieally rehable in the Code, 
Dotting, Color Naming and Pursuit Meter tests. For the 14 
subjects in the 6 tests there was an inerease in efficiency while 
breathing excess oxygen and carbon dioxid in G3 out of 84 possible 
chances or in 75% of the tests. 

Conclusion. The inhalation of 50% oxygen with an increased 
percentage of carbon dioxnd for 2 hours lowered the alcohol and 
lactic acid contents of venous blood in sufjjects who had previously 
ingested from f to IJ gm. alcohol per kilo body weight; this was 
aecompanied by a corresponding improvement in mental and motor 
behavior. In certain individuals, however, or in about 20% of the 
subjeets tested, these changes did not occur. There is no evidence 
whether this was due to differences in basal metabolism, general 
physiological condition or certain phj’siological idios 3 mcrasies in rate 
of oxidation. 
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FURTHER STUDIES ON AZOTEMIA FOLLOWING HEMORRHAGE 
IN THE DIGESTIVE TRACT. 

By Gunnar Alsted, M.D., 

ASSISTANT PHYSICIAN AND MEMBER OF STAFF, BISPEBJBRG HOSPITAL, COPENHAGEN. 

(From the Medical Department B. of Bispcbjerg Hospital, Chief Professor E. 

Meulengracht, M.D.). 

It has long been well known that, increased blood-urea values 
may be observed in several pathologic conditions besides renal 
affections. This concerns principally obstruction of the intestinal 
tract combined with vomiting, certain infectious diseases, especially 
pneumonia, starvation, deprivation of water, shock and various 
postoperative conditions. 

Even now the explanation of this azotemia, evidently often 
accompanied by hypochloremia, can hardly be said to be quite 
satisfactory. Blum^ has conceived the idea of “I’azotemie par 
manque de sel,” the hypochloremia being to him of primary impor- 
tance, the azotemia only serving the maintenance of osmotic equilib- 
rium. Still, this theory is hardly tenable, for one thing because of 
the difference in diffusion power between chlorids and urea. 

Frequently an increased toxic destruction of proteins is assumed 
to cause azotemia; in other cases the dehydration of the tissues is 
believed to be the cause. It is assumable, however, that the latter 
causes hjq)ochloremia and a reduced excretion of chlorids, but still 
the existence of a consecutive relation between chlorids and urea 
of the blood has not been definitely proved, the frequent simul- 
taneous occurrence of the two conditions, azotemia and hypo- 
chloremia, being no proof. On the contrary, the investigations of 
Courriade.s^ with experimentally hjqiochloremic dogs prove that 
hypochloremia is not necessarily accompanied by azotemia. 

In addition to the above-mentioned conditions, increase of blood- 
urea values may be observed in anemia subsequent to repeated 
severe hemorrhages, as shown by Taylor and Levis these authors, 
however, perfectly well understood that anemia itself did not cause 
the increased values, the increase lasting but a few days and dis- 
appearing a long time before the red blood cell counts became nor- 
mal again. The increase was supposed to be caused by the sudden 
reduction of the volume of the blood. 

Concerning the influence of hemorrhage in the digestive tract on 
the blood urea, but few observations can be traced. Sanguinetti,® 
in 9 cases of hemorrhage from ulcers in the stomach and the duo- 
denum observed increased blood-urea values, these being caused, 
he assumes, partly by an increased destruction of proteins in the 
body, partly by the resorption of the large quantities of blood 
accumulated in the intestines. In accordance with this view he 
succeeds in a few experimental cases in observing increased blood- 
urea values subsequent to oral administration of blood in normal 
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persons. In 1935 Clausen® communicated a similar observation. 
In Denmark, Christiansen- has recorded 2 cases of severe hemor- 
rhage from gastric ulcers; in both cases considerable increase of 
blood-urea values was observed together with the cessation or 
reduction of chlorid excretion in urine. The explanation indicated 
is the resorption of toxic substances originating from the blood 
accumulated in the intestinal tract, combined with a diminished 
supply of clilorids in the food. 

Apart from these few observations, all of them made in recent 
years, no other case of azotemia subsequent to hemorrhage from 
the digestive tract seems to be recorded. It, therefore, seemed 
desirable to investigate whether this azotemia appears regularly in 
hematemesis and melena, or is it a phenomenon observed only in 
hemorrhages having a violent and perhaps lethal course? Further- 
more, I have attempted to study the various circumstances that are 
supposed to be favorable to the development of azotemia, as no 
tenable theory, judging from the reports referred to, has been made 
as yet concerning the origin of azotemia. 

Part of this work was reported at the XVII Scandinavian Congress 
of Internal jNIedicine, the rest having been made since; but, as all 
the investigations form a unity, they will here be published in full. 

Method. The investigations have been carried out upon 26 patients 
admitted during the months of March to September, 1935 to the Medical 
Departments B and C of Bispebjerg Hospital, Copenhagen, suffering from 
hematemesis and melena. Eighteen of the patients were mentioned in the 
report at the Congress; 23 were admitted to Department B, only 3 being 
treated at Department C. The hemorrhage in 22 cases undoubtedly 
originated from gastric or duodenal ulcers; in 2 cases the cause of the hemor- 
rhage was suspected to be esophageal varices, and this turned out to be 
ewdent in a 3d case, as shall be shown later. Finally in 1 case the possi- 
bility of cancer coula not be disregarded. All patients admitted to Depart- 
ment B were treated in the same wajL in accordance with the principles 
indicated by Meulengracht,^ wz.: plenty of food in the form of a full purde 
diet, ferrous lactate and puhds alkalinus from the very fimt day of their 
admission. The 3 patients treated in Department C during the first 24 
hours after their admission received only ice-water and coagulen; later 
thej' were treated with a rather quickly progressing ulcer diet, indiwdually 
var}'ing somewhat in the increases. 

One of the 26 patients who died will be mentioned separately 
later. The highest values of blood urea in the remaining 25 patients 
appear in Table 1 : 

TAnLE 1. — lIlOHEST VaI.VE-S OF Blood Ukea. 

niood urra in Cnfc.i 

Above 70 . 

00 to 00 . 

50 to 50 . 

39 to 40 . 

Below .39 . 

.lUtoKCtbci 
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From Table 1 it appears that a blood-urea value of 50 mg.% 
and above, which according to McKay and McKay*^ must be 
regarded hs absolutely increased, was observed in 12 of the 25 
patients; 9 showed a highest value between 39 and 50 mg.%; in 
4 patients only, no increase of blood urea above 39 mg.% was 
observed. It is thus obvious that about half of these patients 
suffering from hematemesis and melena presented blood-urea values 
that were absolutely above the normal. It is furthermore evident 
that in 9 patients values were observed exceeding the limit indi- 
cated by McKay and McKay as the general normal highest value; 
38 mg. %. 



Fig. 1. — Blood urea values in 15 patients; the abscissa indicates days after 
first observation of hemorrhage. 


The observed increase appears more distinctly from Figs. 1 and 2 
than in the table. In Fig. 1 the blood-urea values of the 15 patients 
first observed are plotted graphically, the abscissa indicating in 
days the time expired since hematemesis or melena was first ob- 
served, the ordinate indicating blood urea in mg.%. In Fig. 2 a 
curve is plotted indicating the average values from the same 15 
patients. Fig. 2 shows that the day after the hemorrhage was first 
observed in these patients an average increase of blood urea up to 
52 mg. % was found. Furthermore, it is evident that this azotemia 
was considerablj" reduced during the first days, then continuing 
slightly increased, to return in the course of 3 to 4 weeks to the 
value regarded as normal according to McKay and McKaj'-, 28 mg. %. 

The azotemia has shown no relation to the severity of the anemia, 
as distinctly appears in Fig. 3; in this figure the abscissa indicates 
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the hemoglobin percentage, while the ordinate indicates blood urea 
in mg.%. From the figures representing the 25 patients and' cor- 
responding to the highest blood-urea value observed in each patient 



Fig. 2. — ^Average blood urea values of the above 15 cases. 
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it is seen that any combination between blood-urea values and 
hemoglobin percentage may occur; thus increased blood-urea values 



Fig. 4. — Case T. E. J. G,, male, aged 42. 



Fig. 5. — Case D. F. G., female, aged 29. 


frequently are observed together with normal, or moderately lowered 
hemoglobin percentage, as shoum in Fig. 4. On the other hand. 
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normal blood-urea values are sometimes found in rather pro- 
nounced anemia, as is apparent from Fig. 5. 

In contradistinction to the mortality of ulcer hemorrhages, as 
shown by Meulengracht,^ and the regeneration of the blood, as 
indicated by Schiodt,** both of which have turned out to be exces- 
sively dependent on and influenced by the treatment with abundant 
nutrition, the azotemia has shown no relation to the different 
methods of treatment. It is true that, as stated, I have only 3 cases 
treated with ulcer diet, but in these cases the azotemia hardly 
developed more than in those treated with plenty of food, just as 
the further course of the azotemia seems to be parallel in all cases. 

Only 2 of the 25 patients have been very exhausted, 1 being 
admitted in a shocked condition, the other gradually bleeding down 
to a hemoglobin percentage of 21 and 870,000 red blood cells; in 
both the blood urea was found to be increased up to 73 and 56 mg. %, 
respectively; against this the remaining 10 patients in whom blood 
urea exceeded 50 mg.% felt relatively well. Thus no closer rela- 
tion seems to exist between the e.xtent of the inerease and the 
condition of the patients, at least not within the observed limits. 

These observations seem to have established the presenee of an 
increased blood urea; if not very great, at any rate almost invariably, 
during the first days after hemorrhages in the digestive tract. The 
cause of it can scarcely be ex-plained with absolute certainty, but 
the circumstances connected with one of the patients might give 
a hint: 

The patient, a man, aged 53, was admitted June 7, 1934 into Department 
B suffering from hematemesis and melena. Eight da5-s prewously he first 
observed melena, wth daily recurrence. At the time of admission, after 
hawng had 2 severe hemorrhages he was extremely exhausted, and during 
the following days he had several copious tar-colored stools together vith 
frequent vomitings, all of the latter containing large quantities of fresh 
blood. Because of the vomiting he retained little of the punie diet nith 
abundant fluid prescribed as usual, and, in spite of two transfusions of blood, 
lie steadily grew worse, making a restless uremic impression; he died on the 
10th of June, having during the last day and night been almost comatose. 

Axdopsy revealed about 400 cc. of blood in the stomach, the hemorrhage 
originating from a burst esophageal varix. A cirrhosis of the liver was also 
found, together with multiple small abscesses in the liver, both of which 
were assumed to have' contributed^ to the development of the varices. 
Microscopic examination of the kidnej's showed slight arteriosclerotic 
changes, otherwise nothing abnormal. The various examinations appear 
in Table 2. 

From Table 2 the rise in blood urea is apparent. The decreased urea 
excretion was caused both by the reduced diuresis and by the reduction of 
urea concentration in urine. Tlie chlorids in the urine, already reduced to 
about half of the nonnal value, the nex-t day only amounted to 1/20 of the 
normal value. The hea-ry- reduction of urea excretion might be suggestive 
of a reduced renal function, and accordingly the urea clearance was deter- 
mined, the first day gi-cing S0% of the normal value, the following day only 
15% of the normal. During the last 2 daj-s the various examinations could 
not be made, the patient being very restless and urinating involuntarily; 
the last day anuria practically set in. 
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Table 2. — Data on Case, M. P., Male, Aged 53. 


Date: 

6/7. 

6/8. 

6/9. 

6/10. 

Days after first hemorrhage .... 

8 

9 

10 

11 

Hemoglobin percentage 

50 

44 



Red blood cells, in millions .... 

2.48 




Diuresis in cc 

555 

330 

calOO 

0 

Urea in 24 hours’ urine in mg.% . 

2580 

580 



Excreted urea in grams 

14.3 

1.91 



Cl in 24 hours’ urine (as NaCl) in mg.% 

525 

66 



Excreted Cl (as NaCl) in grams . 

2.61 

0.22 



Blood urea in mg.% 

51 

97 

148 

216 

Urea clearance in % 

80 

15 



Blood pressure in mm. Hg 


75/60 

60/40 



According to these observations it seems permissible to explain 
the increase of blood urea together with the clinical symptoms of 
uremia as being caused by the reduction of the renal function. 
According to Van Slyke and coworkers/^ the clinical symptoms of 
uremia set in when the urea clearance is reduced to 5% of the 
normal. This agrees fairly well with the morbid process in this 
patient, his uremic condition not beginning until the third day, the 
urea clearance at that time being most likely considerably below 
the 15% of. the preceding day. 

Now what causes the reduction of and finally the total cessation 
of the renal functional? As stated, no evidence was found micro- 
scopically of any organic renal affection of importance, and no 
pathologic elements were found in the urine. There must have 
been thus a functional reduction of the renal function. As is seen 
from the table, however, the blood pressure was lowered to about 
the point where a considerable diminution of filtration in the 
glomeruli sets in, according to Lassen.® Therefore, the possibility 
cannot be dismissed that here the lowered blood pressure by means 
of greatly reduced filtration has caused the observed reduction of 
renal function. This caused the azotemia and was contributory' 
to, if not directly causing, death. It is conceivable that a possible 
resorption of toxic substances from the intestinal tract and a 
dehydration of the tissues may also have had some bearing on the 
development of azotemia; the practical cessation of the excretion 
of chlorid suggests the existence of such processes. It cannot now 
be decided whether a possible injirry of the liver may have been 
contributory, but it may be recollected that in pathologic conditions 
with an injured liver, e. g., acute yellow atrophy of the liver, lowered 
blood-urea values are generally found, indicating a diminished 
capacity of urea formation in the liver (Stadie and Van Slyke^®). 

According to the aforesaid observations, however, severe azotemia 
as just described does not develop in the usual case of hematemesis 
and melena. Tlie question is, then, if the increase of blood urea 
generally observed is produceable-in a manner similar to that in 
the case described. In order to get this question answered if pos- 
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sible I have studied the rend function in 4 other patients. The 
first was admitted 1 day after a small hematemesis. The results 
appear in Table 3: 

Table 3.— Data op Case, C. J., Male, Aged 55. 


Date; 6/l0. 6/11. 6/12. 6/13. 6/14. 6/15. C/16. 6/17. , 6/18. 

Days alter hemorrhage .'.12 3 4 5 6 7 8 9 

Hemoglobin percentage 8& 89 ... . S7 

Rod blood cells, millions . . .... 4.45 4 90 ’ • 4 02 

Diuresis in cc 500 1485 930 1970 1450 15S0 ‘"m 1200 015 

Urea m 24 hours urme iDg.% 1640 12B0 1300 1140 1060 .... U60 2600 1460 

Excreted urea in prams . . 8.20 38.71 32.09 22.46 15.37 10.95 31.20 13 36 

Cl in 24 hours’ urine mg.% . 107 170 232 482 627 794 018 39S 419 

Excreted Cl m grams . . . 0-54 2.53 2.1G 9.50 9.09 12.35 4.86 4.78 3 83 

Blood urea m mg.% 51 43 37 35 42 37 34 

Urea clearance in % 73 37 190 90 133 121 158 


N.B. — The figures in the first column refer to 12 hours only. 


Table 3 shows that though it was a case of hematemesis not 
exercising any influence on the hemoglobin percentage, blood urea 
was found to be increased to 51 mg.% together with a reduced 
chlorid excretion. Urea clearance is a little lowered in the first 
two determinations, whereafter it is about or above the normal 
limit. It must, furthermore, be noticed that the blood pressure 
was quite normal all the time. 

The second patient was admitted 4 days after melena was first 
'observed. 

Table 4.— Data op Case, E. V., Female, Aged 2o. 


Date: 

6/13 

6/14 

6/15 

6/16 

6/17 

6/18 

6/19 

Days after homorrlmge 

4 

5 

6 

7 

8 

9 

10 

HcmoKlobin percentaKe . 

Red blood cells in millions ' . 


48 





43 


2.615 





2.815 

Diuresis in cc 

1075 

6S0 

87o 

1420 

800 

1245 

1370 

Urea in 24 hours' urine in mg.% 

3500 

3420 


1340 

1300 

980 

720 

Excreted urea in grams 

37.63 

23.26 


18.93 

10.40 

12.20 

9.86 

Cl in 24 hours' urine in 

398 

M4 


440 

1198 

378 

294 

Excreted Cl in grams .... 

4.28 

3.70 


6.25 

9.34 

4.71 

4.03 

Biood urea in inR.% .... 
Urea clearance in % . 


42 

30 


2G 

49 

27 


135 

157 


117 

72 

138 


N.B. — The figures in the first column refer to 17 liours only. 


From Table 4 it appears that blood urea during the first days is 
only slightly increased, while chlorid excretion is a little lowered, 
but quickl.v becomes normal. At the same time a rather consider- 
able urea excretion takes place. Urea clearance is above the 
normal. On the evening of June 17 the patient felt weak and ill, 
having epigastric oppression, and next morning blood urea had 
risen to 49 mg.%, chlorid excretion had fallen to one-third, and 
urea clearance, which all the time had been about normal value, 
bad fallen to 72%. The following day matters were normal again, 
except that the chlorid excretion was still somewhat reduced. 
Jlie blood pressure was normal all the time, but unfortunately w'as 
not examined at the time of the slight indisposition. 

The third patient was admitted S days after the first obsei'vation 

of melena. • , , 

From Table 5 it is apparent that, although blood urea m the days 
immediately after admission was moderately increased, urea clear- 
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ance was still quite normal. In this case, as in the 2 cases pre- 
viously reported, the increase of blood urea seems to be of very short 
duration. And here again the blood pressure was found to be 
normal at all examinations. 


Tabm 5. — Data of Case, V. L., Male, Aged 51. 


Date: 

6/20. 

6/21, 

6/22. 

6/25, 

Days after hemorrhage ...... 

8 

9 

10 

13 

Hemoglobin percentage 


48 


45 

Red blood cells in millions .... 


2.39 


1.97 

Diuresis in cc 

650 

700 

700 


Urea in 24 hours’ urine in mg.% 

3200 

2620 

2340 


Excreted urea in grams 

20.80 

18.34 

17.38 


Cl in 24 hours’ urine in mg.% . 

357 

544 

336 


Excreted Cl in grams 

2.32 

3.81 

2.35 


Blood urea in mg.% 


59 

39 

33 

Urea clearance in % 


98 

131 



NB. — The figures in the first column refer to 12 hours only. 


Of a fourth patient, . admitted because of several hematemeses 
during 2 preceding days, it may briefly be stated that, in spite of a 
hemoglobin percentage of 58 and a blood urea of 58 nig.% at the 
time of admission, his urea clearance was found to be quite normal 
in the following days; nor did his blood pressure at any time show 
anything abnormal. 

From these latter observations it seems that the relation between 
the renal function and azotemia, undoubtedly found in severe cases 
of intraintestinal hemorrhage, cannot be observed in the slighter 
cases, which in all cases examined exliibited a normal renal function 
and an unimpaired capacity for urea concentraction. The transi- 
tory reduction of urea clearance mentioned in Table 4 thus seems 
to be of no importance. Consequently the azotemia in these slighter, 
cases must be explained in some other way, such as by the intestinal 
resorption and dehydration causing toxic destruction of proteins. 

In the severe cases, however, the functionally reduced renal 
function caused by lowered blood pressure seems to be of decisive 
importance in the development of azotemia, resorption and dehy- 
dration alone scarcely being able to cause an increase of blood urea 
as great as that described. 

Summary. It is demonstrated that for daj’^s after hemorrhage 
in the digestive tract increased blood-urea values are generally 
observed. Of 26 patients suffering from hematemesis and melena, 
absolutely increased values (i. e., above 50 mg. %) were found in 13; 
while in 9 other patients values between 39 and 50 mg. % were 
observed ; in 4 patients only no increase above 38 mg. % was found. 

In 1 of the patients blood urea was found to be increased up to 216 
mg. %, and he died 4 days after admission, with uremic symptoms, 
without any apparent organic renal affection. At the same time, 
however, there was a heavy reduction of urea clearance and a very 
low blood pressure; for this reason the theory is advanced, that the 
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observed increased blood urea at least partly is due to a functional 
reduction of the renal function, caused by the low blood pressure. 

In order to investigate whether the increase of blood urea found 
in the slighter cases of intraintestinal hemorrhage might have been 
due to a similar mechanism, the renal function was determined in 
4 patients suffering from hematemesis and melena, but in these 
cases no reduction was found. It is therefore assumable that the 
increase of blood urea in these cases is caused by resorption of blood 
in the intestine and by dehydration of the tissues. 

Since the completion of this paper two others, dealing with the same subject have 
appeared, SuCiiS, D.: Akute Azotamie bei grossen gastro-intestinalen Blutungen, 
Klin. Wchnschr., 14, 1316, 1935; Ingegno, A. P.: The Elevated Blood Urea of Acute 
Gastro-intestinal Hemorrhage and Its Significance, Asi. J. Mev. Sci., 190, 770, 1935. 
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THE EXCRETION OF FERROCYANID IN MAN IN RELATION TO 
THE UREA CLEARANCE. 

By Waytst: Gordon, M.D., 

rKSTHUCTOU IN' MEDICINEi' Ia.\SKEII FOXTSVA-TIOS, T7N'r\’ERSITi OF CHICAGO* 

CHICAGO, ILE. 

(From the Lasker Foundation for Medical Research, Department of Medicine.) 

It is dGsirfiblG in tlic study of rcnnl function tlmt fit Icnst one 
method be nvtiiltible which be<irs direct xeltition to the Amount of 
glomerular filtration. Stieglitz and Knight,* with this in mind, have 
proposed that the rate of excretion of sodium ferrocj'amd be used 
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as an index of renal function. They found that following the intra- 
venous administration of about 0.25 gm. of anhydrous sodium ferro- 
cyanid normal individuals excreted 11 to 25% in 1 hour, 20 to 38% 
in 2, and 26 to 52% in 3 hours. Patients with Imown renal insuffi- 
ciency excreted traces or none. In a group of hypertensive patients 
.the excretion was considerably less than in the normal group. The 
patients with hypertension had little impairment of renal function 
as measured by the 2-hour phenol red excretion, although somewhat 
more impairment is deduced from their graphs of the phenol red 
excretions in shorter periods. The authors felt that the patients 
in the hypertensive series had diminished renal function, particu- 
larly as regards efficiency of glomerular filtration. 

The present report is concerned with additional evidence relating 
to the ferrocyanid test, with particular regard to a comparison of 
ferrocyanid excretions with urea clearance levels. 

Material. The subjects were selected for the test to provide as wide a 
range of urea clearance levels as possible, rather than on the basis of the 
type of disease present. Of the 102 tests on which most of the discussion 
is based, 19 were in subjects free from renal or vascular disease, 23 were 
in patients in various stages of glomerulonephritis, and 60 were in patients 
vdth arteriosclerotic Bright’s disease, chiefly primary hypertension. Several 
of the last group had myocardial insufficiency. 

Method. The tests were carried out in the morning. Breakfast was 
omitted and water was administered freely enough that in most instances a 
maximum clearance, ^ i. e., a urinary output of 2 cc. a minute or more, was 
obtained. The subject voided and the time was noted. Within a few 
minutes 0.5 gm. of hydrated sodium ferrocyanid,* equivalent to 0.27 to 
0.29 gm. of the dry salt, was administered intravenously in 10 cc. water, 
and the time was noted. Urine was collected after 1, 2, and 3 hours, and 
blood was withdrawn for urea determination after 1 hour. A large aliquot 
of each of the urine specimens was titrated for ferrocyanid by the copper 
sulphate method described by Stieglitz and Knight.^ The ferrocyanid 
excretion was expressed in per cent of the content of one ampule; titration 
of a few ampules from each batch was necessary to provide the standard. 
The urea concentrations of the blood and urine were determined gasometri- 
cally3 and the urea clearance was calculated for each of the first two collec- 
tion periods. Clearances were corrected for height^ and expressed as per 
cent of normal, 54 cc. a minute being regarded as 100% for standard and 
75 cc. as 100% for maximum clearances. 

In dealing with urines containing more than traces of blood the method 
was altered somewhat from that advised by Stieglitz and Knight. When 
known amounts of ferrocyanid are added to urine containing blood and 
protein and the protein is precipitated by boiling there is a varying loss of 
ferrocyanid from the filtrate. Recovery of known amounts of ferrocyanid 
ndthin 4_% was obtained if the urine was refrigerated promptly and centri- 
fuged within a few hours of voiding, and if aliquots of the supernatant 
urine were titrated while cold. This procedure was followed, therefore, in 
patients vdth hematuria. At times there had been enough hemolysis that 
the endpoint could not be obtained and the test had to be discarded. 

Toxicity. Undesirable reactions were few and never serious. In 3 of 122 
tests there was nausea for less than 30 seconds after the cessation of the 

* Sterile ■ sodium ferrocyanid vra-s furnished in ampules through the courtesj' of 
the Abbott Laboratories. 
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injection. Tliis may have been due to undue speed in administration. Four 
men, 3 vdth mild symptoms of prostatic obstruction, complained of dj'suria, 
urgency and frequency lasting several hours. In one instance there vas ' 
complete inability to void for 14 hours. More recentlj' administration of 
ferrocyanid has been avoided in patients with symptoms of prostatism. 
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Fig. 1, — Moan clearance and 1-hour ferrocyanid e.xcrction in 102 tests. Solid dots 

represent normal subjects. 


Result.?. Figure 1 shows the distribution of various levels of 
ferrocyanid excretion in 1 hour with reference to the mean level of 
urea clearance. A line is drawn at 70% clearance, which may be 
regarded in general as a lower limit of normal function, although 
occasional subjects who are apparently well at times have clear- 
ances below this figure. Another line is drawn to correspond with a 
ferrocyanid excretion of 24% for purposes of further comparison. 
Graphs of the 2 and .3-hour e.xcretions in comparison with the mean 
clearances- do not differ in any essential from the graph of the 
1-hour excretion. The distribution of various ferrocyanid c.xcretion 
levels with reference to urea clearance is tabulated in Table 1 . 

Excretion of ferrocyanid in nonnal subjects generally exceeded 
24% in 1 hour, 35% in 2, and 50% in 3 hours (Fig. 1, Table 1). 
These levels were reached by a considerable number with moderately 
diminished (30 to 70% of normal) clearance as well. The urea clear- 
ance indicate.? impairment of renal function as a rule in those sub- 
jects who e.xcrete less than 1S% in 1 hour, 30%, in 2, and 40%, in 
3 hours. Tho.se in wliom the ferrocyanid excretion exceeded 18%, 
in 1 hour and failed to reach 24% were predominantly hypertensive 
patients with moderately diminished or low nonnal urea clearances. 
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Table 1. — Frequency of Various Fbrrocyanid Excretions in Patients 
Classified According to Mean Urea Clearance. 



Urea clearance 
less than 30%. 

Urea clearance 
30% to 70% 

Urea clearance 
70% or more. 

Total number 1-hour tests 


15 

36 

51 

Number in which ferrocyanid 
was above 15% .... 

excretion 

0 

30 

50 

Above 18% 


0 

22 

48 

Above 24% 


0 

15 

36 

Total number. 2-hour tests 


15 

36 

51 

Number in which ferrocyanid 
was above 20% .... 

excretion 

1 

32 

51 

Above 30% 


1 

23 

47 

Above 35% 

. 

0 

20 

42 

Total number 3-hour tests 


12 

33 

51 

Number in which ferrocyanid 
was above 30% .... 

excretion 

1 

28 

51 

Above 40% 


0 

22 

49 

Above 50% 

. . . 

0 

12 

38 


Those subjects who excreted more than 24% of ferrocyanid in 1 
hour and whose clearances were above 70% of normal were normal 
subjects or hypertensive patients without signs of renal impairment. 
Those in whom the tests were concordantly low uniformly had 
glomerulonephritis, advanced hypertension, or advanced arterio- 
sclerosis. The subjects in whom the results of the tests were dis- 
cordant are listed in Table 2, with additional data. The majority 
of these were patients with glomerulonephritis or hypertension, 
although 4 apparently normal individuals were included. 

/ Subjects of 32 tests had urea clearances without injection of ferro- 
cyanid within a few days of the combined test, or, in a few instances, 
during the hour preceding the injection of ferrocyanid. The clear- 
ance levels were higher with the combined test in 17 and lower in 15; 
in no case were variations of significant degree. 

In Figure 2 are represented 1-hour ferrocyanid excretion and 
mean urea clearance in subjects in whom there were repeated tests. 
The agreement of the two tests is apparently no greater in a single 
individual at difl’erent times than in the series as a whole. 

In order to choose the optimal time of measuring ferrocyanid 
excretion the mean urea clearance for the 2 hours was correlated with 
excretion in 1, 2, and 3 hours respectively by the Pearson product- 
moment formula.^ A correlation of about 0.7 was found in each 
instance (Table 3). Because of the fact that there are difi'erences 
in the clearance from 1 hour to another, a comparison was also made 
of the first hour ferrocyanid excretion with the clearance during 
that hour. The correlation was increased slightly, not significantly, 
above that with the mean clearance for the period. It being theo- 
retically possible that the second hour excretion might be a more 
stable measure than the first, the second hour excretion was calcu- 
lated for each individual as a fraction of the ferrocyanid remaining 
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in the body at the end of the first hour. These quantities correlated 
much less with the clearance than did the cumulative totals and are 
probably of no clinical value. 

TABiiE 2 . — Data on Subjects in Whom the Tests were Discordant. 


1 

{ 

■ ! 

Ferrocyanid above 2-1% in 1 hour, 
clearance below 70% of normal. 

Fenocyanid below 24% in 1 bom, 
clearance above 70% of normal. 

Age.j 

Kematka. 

jABe,| Remarks. 

1. Diserepantry sJight j 

1 
! 
i 

2S 

52 

58 

Acute glomerulonephritis 

i 

Hypertension known 15 years. 

1 traces of albumin in urine inter- 
1 mittontly . 

1 Hypertension of uncertain dora- ' 
! tion, no albumin 

) 

53 

59 

67 

54 

57 

30 

Hj'pertension known 4 yr.; albumin 
and casta in urine intermittently. 
Peripheral art^iosclerosis, systolic 
hypertension; normal urine. 

Hypertension known 3 yr.j occa- 
sional erythrociies in urine, no 
albumin. 

H>T>ertension known 4 yr.; albumin 
and casts in urine mtenoittently. 

tent albuminuria, few ciydbrocytcs 
; in urine. 

2. Tests on other occasions | 
concur in good foncUon j 

34 

I No renal or vascular disease; mild , 
1 diabetes i 

i 

1 

3. No other tests, ch'nica! 
history negative 

34 

51 

' i 

Psychoneurotic: norcnalorvascu- 
: lar disease 

1 Functional colitis; no renal or vas- 
1 cular disease 

54 

i Functional colitis; no renal or va.*^- 
j cular disease. 

1 

4. Teats on other oecaaioM 
concur in poor function 

38 

39 
23 
50 

I 

Acute glomerulonephritis 

Acute glomerulonephritis 

Chronic active glomerulonephrilis 
HjTicrtcnsion Imown 6 yr.; renal 
infarct (7) 

38 

19 

Acute glomomloDephritJs. 

Acute glomerulonephritis. 

5. History of renal or vas- i 
cular disease without j 
cKnical renal msufficiencyj 

i 

1 

j 

1 

; 27 

29 1 

u,: 

i 

1 ^ 

1 

i -17 ' 

Hypertension 11 yr., no albumin- 
uria 

Mitral stenosis; traces of albumin 
in urine; no evidence of myocar- 
dial insufficiency 

Hypertension more than 10 yr.; no 
albuminuria 

Arteriosclerosis; anemia, probably 
primary; albuininuria constantly 

1 Hj-pertension known 3 yr.; occa- 
! fiional trace of albumin in urine 

1 

39 

68 

62 

59 

50 

61 

i 

Latent glomcniloncphritis; album- 
inuria and hematuria persistently. 

Gcneialiicd arteriosclerosis, Stokes- 
Adams syndrome; I urine nega- 
tive; died. 

I Hypertension known 3 yr., cerebral 
hemorrhaRe;^ traces of albumin in 

1 urine intermittently. 

, Hyperten.«ion blown 5 >t.; urine 

1 ' always normal, concentrates to 
i 1.030. 

, Arterioaclerosis, s>*stolic hyperten- 
sion; traces of albumin in urine 
; intermittently. 


Tadde 3.— Couueuation Coefficients. 

Me.'in clearance— l-hour ferrocyanid 

Mean clearance— 2-hovir ferrocyanid 

Mean clearance — 3-hour ferrocyanid 

First hour clearance — first hour ferrocyanid . . ■ • 

Mean clearance— .second hour ferrocyanid (exi>rc.s.?cd as a fraction of 
the remainder after first hour) 

Discussion. Evaluation of a renal function test may well be 
approached from two standpoints. A knowledge of tlie physiology 
of the test makes it possible to make certain deductions as to tiie 
significance of variations; on the other hand a knowledge of the 
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0.G90 
0 713 
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other clinical findings with which the results are associated is 
required to establish the correctness of the deductions. It is also 
desirable to determine whether the procedure itself affects renal 
function; whether the procedure is safe; and whether it is simple 
enough for general use. 



Fig. 2. — Mean clearance and 1-hour ferrocyanid excretion in repeated tests on S 

subjects. 


On the theoretical side, the chief point of interest is the relation 
of the test to the amount of glomerular filtration. A satisfactory 
measure of glomerular filtration must fulfill four requirements: 
(1) the substance used must be eliminated by glomerular filtration 
and in no other part of the urinary tract; (2) it must not be reab- 
sorbed in any part of the urinary tract; (3) the amoimt eliminated 
in the urine in unit time must be measurable; and (4) the concen- 
tration in the plasma during that time must be measurable. 

It is probable that ferrocyanid satisfies the first two requirements 
sufficiently for practical purposes. Marshall® and Marshall and 
Grafflin^ observed that aglomerular fish excreted ferrocyanid in 
insignificant amounts. Gersh and Stieglitz® produced histochemical 
evidence indicating that in the rabbit ferroc^’^anid excretion is 
glomerular and that reabsorption in the tubules is either absent 
or nearly so. Van Slyke, Hiller, and Miller,® using large doses of 
ferrocyanid intravenously, have demonstrated a plasma ferro- 
cyamd clearance in the dog which parallels closely the simultaneous 
clearances of creatinin and inulin. Such close correspondence 

VOL. 192, KO. 2.— .WGTJST, 1936 8 
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among three substances so different chemically introduces a strong 
presumption in favor of exclusively glomerular elimination and 
lack of reabsorption. 

Estimation of ferrocyanid in the urine presents no serious diffi- 
culties as a rule^ The fourth requirement is not fulfilled in this test. 
The concentration in the plasma is not, however, entirely uncon- 
trolled; for the relation of body size to the size of the dose injected 
is important in determining concentration. A certain degree of 
constancy in plasma concentration can be assumed, subject to 
variations in plasma volume, body fluid volume, rate of diffusion, 
extrarenal elimination, and destruction of ferroc}’’anid. Variations 
correlated with differences in body size, furthermore, tend to be 
compensated in a very rough way by differences in kidney size. 

It is therefore concluded that the rate of glomerular filtration is 
a factor in determining the rate at which ferroc 3 'anid is eliminated 
following the intravenous injection of a known dose. However, 
the evidence so far fails to establish the rate of excretion under such 
conditions as a specific test of glomerular filtration. 

Clinical evaluation of the test could be carried out ideallj" bj’^ 
observing a series of patients vdth progressive renal disease over a 
period of years and noting the clinical and anatomical phenomena 
with which changes were associated. This has been done for the urea 
clearance bj' several workers, of whom only a few need be cited 
here: M0ller, McIntosh and Van Slyke'^ and '\'’an Slj’^ke, et for 
the clinical, and Hajman and Johnston” for the anatomical changes. 
In view of the firm basis on which the urea clearance rests as a test 
of renal function, a comparison of the ferrocyanid excretion Mith 
the urea clearance is justifiable for an immediate estimate of its 
significance. 

The graph (Fig. 1) indicates a definite relation between tlie levels 
of the two tests. While the choice of a definite lower limit of normal 
is an arbitrary procedure, a tentative limit may be set as a point 
of departure in further analj'sis. It appears from the graph that 
24% excretion of ferroc^^anid in 1 hour corresponds approximate!}' 
to 70% of normal clearance in this series. If 24% be taken as a 
lower limit of normal, in 72 tests the urea clearance and the ferro- 
cyanid excretion are concordant in revealing either normal or dimin- 
ished function. These patients are sufficiently classified and require 
no further discussion. 

The 30 discordant tests are equally divided between those in 
which the urea clearance is below 70% and those in which the ferro- 
evanid e.\cretion is below 24% (Table 2). In view of the fact that 
tiic standards of normal are arbitrarily chosen, 9 may be dismissed 
as borderline cases in which the discordance is more apparent than 
real (Group 1). In Groups 2 and 3 it appears that the test giving 
higher results, and in Group 4 the test giving lower results, is more 
credible. Tlic tests in Groups 2 and 4 were repeated at short inter- 
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vals and in no case was there evidence of change in the condition 
between tests. It will be observed that added evidence supports 
the urea clearance 5 times and the ferrocyanid test 5 times where 
there is discordance. Group 5 includes those in whom the evidence 
is still inadequate for judgment as to which test to believe. Three 
of the 5 with low clearance, and 4 of the 6 with low ferrocyanid out- 
put had albuminuria. The others with low clearances had had 
hypertension more than 10 years. Group 5 as a whole is clinically 
a borderline group. 

From the comparison of ferrocyanid excretion with the urea 
clearance and with a view to other findings it is concluded that in 
the majority of instances patients with renal impairment excrete 
ferrocyanid more slowlj'^ than normal subjects and that the diminu- 
tion parallels in a general way the diminution in urea clearance. 
If 24% in 1 hour be considered as approximately corresponding to 
70% of normal clearance, the tests are about equally delicate in 
separating patients into two groups. In a minority of patients the 
result of either test may be satisfactory when the other is low, and 
the collateral evidence suggests that the error may be ascribed to 
either test with about equal frequency in this series. The present 
work offers no explanation of the physiologic significance of dis- 
cordant results. The fact that the correlation of ferrocyanid excre- 
tion with clearance on the same specimen of urine is not significantly 
greater than its correlation with mean clearance suggests that the 
discrepancies are not to be ascribed in any considerable measure to 
irregularities in emptying the bladder. 

Furthermore, it is too early to pronounce final judgment on the 
clinical significance of the ferrocyanid excretion test until it has 
been followed for long periods of time in single patients during the 
progress of renal disease. The value of the test in detecting impair- 
ment of renal function may well be considerable without similar 
value in estimating degree of impairment. The urea clearance has 
proved particularly valuable in that it is, on the one hand, relatively 
delicate in detection of impairment; and on the other, applicable 
to determination of changes in function through a wide range of 
values practically to the lowest function compatible with life. 
Progress may be observed in the clearance after the phenol red and 
speeific gravity tests have reached a constant minimum. The 
accuracy of the ferrocyanid test in observing the progress of renal 
disease has not been established; not has its applicability been 
established where excretion is too low to be measured by the titra- 
tion method used. 

Several incidental observations on the test seem worthy of men- 
tion. The administration of ferrocyanid does not apparently affect 
the clearance; the elearance levels in normal subjects in this series 
cover about the usual range, and there was substantial agreement 
between the urea clearances with and without ferrocyanid in 32 
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subjects. There is no need for collection of urine specimens for 
more than 1 hour, in view of the similaritj’' of correlation coefficients 
for various times; it may be that the collection period could advan- 
tageouslj'’ be even shorter. The usefulness of the test is seriously 
limited in two important classes of patients, namely, those vdth 
prostatism and those with pronounced hematuria; in the latter 
group the difficulty is not insurmountable as a rule, but an accurate 
measure of ferrocyanid cannot be made by the present copper- 
sulphate method if much hemolysis has occurred. Aside from this 
difficulty the test is extremely simple and requires no apparatus 
other than that commonly possessed by any laboratory, nor any skill 
other than that possessed by the ordinary physician. For this 
reason the ferrocyanid excretion test promises usefulness particularly 
for office practice or under conditions where laboratory facilities 
are limited. 

Summary and Conclusions. The ferrocyanid excretion test of renal 
function was compared with the simultaneous urea clearance in 102 
subjects with a range of clearance levels from 6 to 130%. Fol- 
lowing intravenous injection of 0.28 gm. of sodium ferrocyanid, 
normal subjects excreted at least 24% in 1 hour, 35% in 2 hours, and 
50% in 3 hours. There was a correlation of about 0.7 between urea 
clearance and ferrocyanid excretion for each of these three periods. 
One hour proved to be an adequate length of time for the test. The 
administration of ferrocyanid did not alter the clearance. In those 
instances in which the tests gave discordant results other e^^dence 
pointed to error in each of the two. methods mth about equal fre- 
quency. The physiologic significance of the test is discussed. Con- 
siderable value in detection of impairment of renal function may 
be expected of the ferrocyanid test, but its value in observing the 
progress of renal "disease cannot be judged yet and is somewhat 
more uncertain. The test is simple and harmless in most instances. 
Great care is required in estimating ferrocyanid in the presence of 
hematuria and some accuracy is sacrificed if much blood is present 
in the urine. Patients with prostatic h\q)ertrophy had dysuria and 
inability to void in some instances. 
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THE PHOSPHATID CONTENT OP ALBUMINOUS URINE. 

By Irvine H. Page, M.D., 

With the Techkicai. Assistance of John Muntz and Roland Parker. 

NEW YORK CITY. 

(From the Hospital of the Rockefeller Institute for Medical Research.) 

Phosphatids are believed by Hardy, ^ Chick,^ Macheboeuf,^ 
Went and Farago,^ Went and Goreczky,® Turner and Gibson,® 
and others to be associated with protein in blood. If a protein- 
phosphatid combination, physical or chemical, exists in the plasma, 
one might expect that the proteins excreted by patients with 
Bright’s disease would carry their associated phosphatids with 
them into the urine. The present work was designed to ascertain 
whether the phosphatid-protein ratio in the urine of nephrotic 
patients is comparable to that in the plasma. 

Methods. Recovery of Phosphalid Added to Urine. Ten cc. of an aqueous 
emulsion of cephalin from human brain, containing 2.12 mg. of lipid phos- 
phorus, were added to 500 cc. of urine, containing 0.99% of protein. This 
was concentrated under vacuum (40° C.) to 15 cc., 300 cc. of alcohol ether 
(1 to 3 mixture) added, refluxed for 1 hour, filtered, evaporated almost 
to dryness (40° C.), extracted with several portions of petroleum ether and 
made up to 100-cc. volume. One cc. of this extract was used for the 
phdsphorus analysis. Analyses were done in duplicate. Lipid phosphorus 
was determined by the method of Kirk.^ 

Another portion of the urine mthout addition to cephalin was treated in 
the same manner. Five cc. were employed for phosphorus analysis. 

, Pclroleum-Ether-Soluble Phosphorus in Normal and Albuminous Urine, 
First Method. Five hundred cc. of urine were concentrated under vacuum 
to 50 cc., refluxed vdth 30 volumes of alcohol-ether mixture (3 to 1) for 
1 hour and filtered. The filtrate was evaporated just to drjmess below 
60° C., and the residue was extracted with several portions of petroleum 
ether. The extracts were combined and made up to 100 cc. Ten-cc. 
portions were used for anatysis. 

Second Method. Protein was precipitated by treating lots of about 
5 liters with 100 gm. of trichloroacetic acid and heating the mixture to 
38° C. for 2 hours. 

The precipitate was filtered off, washed with 1 liter of water, refiltered, 
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mixed with 10 volumes of alcohol-ether mixture (3 to 1), and refluxed for 
12 hours. After Altering off the solvent, the residue was again mixed 
thoroughlj-- with alcohol ether and refiltered. The combined filtrates were 
evaporated almost to drjmess at 30° C. under vacuum, and the residue 
refluxed with redistilled ether for 30 minutes. The insoluble residue was 
treated with ether twice. The ether filtrate was filtered through fat-free 
filter paper, evaporated at 30° C., and the residue redissolved in boiling 
petroleum ether. 


Table 1. — Petroleum-Ether-Soluble Carbon, Phosphorus and Nitrogen in 
. Normal and Albuminous Urine. 


Source of urine. 

Protein 
content 
of urine, 
gm. per 1. 

P-E-solublc 
phosphorus, 
mg. per 1. 

P-E-soluble 
nitrogen, 
mg. per 1. 

P-E-soluble 
carbon, 
mg. per 1. 

Material extracted with 
lipid solvents. 



M 

ETIIOD No. 

1. 


Nephrotic stage 






of nephritis . 

12.6 



88.0 

Total urine. 

Nephrotic stage 






of nephritis . 
Nephrotic stage 

16.4 



114.0 

Total urine. 

of nephritis . 

10.0 

0.305 



Total urine. 

Normal . 

0 

0.013 


... 

Total urine. 

Normal . 
Malignant neph- 

0 

0.054 



Total urine. 

roeclerosis 

■ 

Nephrotic stsKC 

1.8 

0.306 

M 

... 

ETHOD No. 

. . . 

2. 

Total urine. 

of nephritis . 
Nephrotic stage 

21.5 

0 

0.14 

... j Precipitated urine protein. 

i 

of nephritis . 
Nephrotic stage 


0 

• 

2.80 

. . . • ’ Protem-frce unne extract. 

of nephritis . 
Nephrotic stace 

12.1 

Trace 

0.45 


Precipitated unne protein. 

of nephritis , 
Nephrotic stage 


Trace 

0.07 

... ; Proton-free urine nPratc.* 

of nephritis . 

10.2 

Trace 

Trace 

, Precipitated urine protein.! 


* Protcin-frce filtrate was neutralized ■with ammonia hydroxitl before concentration. 

t Urine protein was dried at 35® C, then pulverized \intil it passed a Xo. ^0 mesh sieve. The 
powder was extracted in a Soxhlet extractor for 24 hours with ether, followed by 24 hours e.Ttnic- 
tion with petroleum ether. After concentration of the extract to 300 cc., acetone was added 
(200 cc.) and the mixture placed in the ice box for 12 hours. A very slight precipitate re-sultcd 
wliich redissolved in ether. Only traces of nitrogen and pbospliorus were found in this solution. 

The urine filtrate after precipitation of protein was concentrated at 35° C. 
under vacuum to 600 cc. This was placed in a continuous fluid extractor 
and extracted with ether for 8 hours. The extract was evaporated and the 
resulting oilj" residue dissolved in petroleum ether. 

Petroleiim-EtJicr-Sohible Carbon in Albuminons Urine. Si.x-cc. samples 
of urine from 2 patients suffering from the nephrotic stage of chronic 
nephritis were analyzed by the method of Kirk, Page and Van Slyke.* 

Pelroleum-Ether-Sohihle Nitrogen in Albuminous Urine. Lipid nitrogen 
was determined by the micro-Kjeldalil method, using the new hj'pobromite 
reagent of Van Slyke and Kugel,^' as described by Kirk, Page and Van SI j'ke. 

Results. Recovery of petroleum-ether-soluble phosphorus in 
the form of cepbalin added to albuminous urine was 79%. The 
quantities of petroleura-ether-soluble carbon and phosphorus in 
normal and albuminous urine are given in Table 1. 

Conclusions. Nephritic patients losing large amounts of protein 
in the urine excrete only traces of lipid pbospliorus (phospbatids) 
pnd lipidlnitrogcn. Lipid carbon is present in verj- small amounts. 
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Lipid phosphorus does not increase in -the urine with increase in 
its protein' content. 

It appears that either phosphatids are not attached to proteins 
in the plasma in significant amounts, or that the combination is 
broken when the proteins are excreted in the urine. 
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ACUTE POSTOPERATIVE NECROSIS OF THE LIVER,* 

(SocAiiED High-temperature Liver Death Syndrome.) 

By John E. Sutton, Jr., M.D., F.A.C.S., 

ASSOCIATE VISITING SURGEON, BELLEVUE HOSPITAL (CORNELL DIVISION), 

NEW YORK CITY. 

(From New York Hospital-Cornell University Medical College, Departments of 
Surgical Research and Anatomy and Bellevue Hospital, 

Second (Cornell) Surgical Division.) 

In a preliminary report^ attention was called to the essential 
clinical features and the lesion in the livers in patients who develop 
the so-called high-temperature liver death syndrome, and the 
similarity of the clinical course and liver damage in man dying 
with this syndrome and in dogs following ligation of the hepatic 
arteries was noted, 

Heyd- first described this postoperative complication which is 
characterized by sudden, rapid and progressive rise in temperature 
during the first day after operation, falling blood pressure, rapid 
pulse, circulatory collapse, coma and death, with a temperature of 
107° to 109° F., within 36 to 48 hours. Postmortem examination 
shows passive congestion, softening, diffuse disorganization of the 

* Rend before the New York Academy of Medicine, Section of Surgerj’', April 5, 
1935. 
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liver, cords with widespread areas of focal necrosis of the liver. 
From an examination of 23 livers following this tj'pe of “liver 
death/' Boyce^ concludes that in most instances when the clinical 
course was tj-pical the postmortem' findings were typical., i. e. 
necrotic changes in the liver with or without similar changes in the 
convoluted tubules of the kidnej^s, depending upon how long the 
patient lived after operation. 

Henschen,'* in his monograph on the meaning of the liver in 
surgery, in writing of this postoperative complication, says it is 
almost conceivable to him that this condition may be due to inci- 
dental ligation of the hepatic artery during the course of the opera- 
tion. Thoreck® believes that 33% of indmduals possess accessory 
hepatic arteries which may be a source of danger, hlan}^ investi- 
gators have studied the arrangement and distribution of the 
hepatic vessels and all agree that wide variation is common. The 
orthodox description found in anatomic texts leads one to believe 
that the hepatic artery passes toward the liver medial to the com- 
mon bile duct and anterior to the portal vein; that it divides near 
the hilum of the liver into a right and a left branch which go to the 
respective lobes of the liver; and that the cystic artery normally 
arises from the right branch, passes to the right dorsal to the com- 
mon hepatic bile duct and thence to the gall bladder. In this 
arrangement there would be relatively little danger of injuring an 
hepatic artery while clamping or dissecting the cystic duct. 

In dissections of 29 unselected cadavers in the medical and the 
nurses' training schools during the past year, wide variation in 
the course and branches of the hepatic arteries was found (Figs. 1 
to 29); and in IG, more than 50%, the right hepatic artery was in 
such close relation to the cystic duct that it might easily have been 
injured during a cholecystectomy. A composite drawing (Fig. 30) 
shows graphically the assembled relations of these arteries to the 
cystic duct. 

To determine experimentally the clinical course and the liver 
changes following ligation of the hepatic arteries 14 dogs were 
operated upon. Cholecystectomy xvas performed in all and at the 
same time dissections were carried out isolating the hepatic arteries. 
The largest artery was invariably ligated and in many, smaller 
vessels were also clamped. All of the animals recovered promptly 
from their ether anesthesia, drank water freely, walked about their 
cages, responded normally and appeared to be in excellent condition. 
Six of these dogs developed immediate progressive rise in tempera- 
ture, which reached 104” and 105° F. (Fig. 31). Five died in less 
than 36 hours and 1 died during the fourth postoperative day. 
Although fever reactions are more difficult to obtain in dogs than 
in human beings, the clinical postoperative course of these dogs 
was similar to that seen in high-temperature liver death syndrome. 
In all of the 0 dogs the livers showed diffuse disorganization of the 



SUTTOlsr: ACUTE tOsTOfUHATlVE KECEOStS OE THE UIVER 223 


liver cords and many areas of focal necrosis (Fig. 32). These 
lesions resemble closely those found in human livers (Fig. 33). 

Loeffler,® in reporting further investigations of the results of 
ligation of the hepatic arteries, concludes that the results are the 
same in man, the dog and the rabbit .... and it is immaterial 
at what point ligation occurs. 



Fig. 31.— a. B. Patient who developed typical syndrome and died in less than 
36 hours with the temperature shown. Photomicrograph of his liver, Fig. 33. 
Dogs 2, 6, 7, 12 and 14 after a fall of temperature during the operation showed 
progressive ascending temperature and died as the figures under the curves indicate. 
Dog S after showing immediate elevation of temperature lived for slightly more than 
72 hours after operation. 


In the 8 surviving dogs, none of which showed typical elevations 
of temperature, injections of a bismuth suspension or a starch 
mixture demonstrated adequate collateral circulation to all lobes 
of the liver. In these livers there were areas in which there was 
disorganization of the liver cords but there was no necrosis. Von 
Haberer'^ found in a large series of experiments in which he ligated 
the hepatic arteries that the animals which lived following the 
operation were those which possessed this collateral circulation. 

Following operations upon the thyroid, in extensive burns and 
in intestinal obstruction there is occasionally a postoperative course 
clinically similar to that of high-temperature liver death syndrome. 
In these cases, while the liver is not involved in the operative pro- 
cedure, there is hepatic softening and necrosis resembling that 
found after postoperative liver deaths. 

In the presence of clironic and acute cholecystitis and biliary 
tract disease there are variable degrees of liver damage and operative 
trauma to the liver or vessels may be sufficient to cause the develop- 
ment of this syndrome. Direct injury to hepatic vessels is a fre- 
quent possibility and there might be accidental ligation or trauma 
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initiating thrombosis, hluch work remains to be done, and the 
pathologist at the postmortem table by careful examination of the 
hepatic vessels at the liihim and in the substance of the liver may be 
able to throw additional light upon this problem. 

The essential lesion in these “liver deaths” appears to be acute 
central necrosis of many liver lobules. Renal changes were not 
found in the experimental animals considered in this paper or in 
human patients w'ho died within 48 hours of operation. Such 
Iddney damage is secondary to the liver necrosis and requires more 
time for development. A clinical postoperative course similar to 
that found in human beings and similar liver changes can be pro- 
duced in dogs by ligation of the hepatic arteries. While, clinically, 
vascular occlusion may be due to thrombosis, embolism, or acci- 
dental ligation, there are without doubt other as yet unknown 
factors which bear upon the development of this syndrome. In 
view of the similarity between the clinical course and liver changes 
in the experimental animal and in the human beings who develop 
this postoperative complication, it seems reasonable to apply a 
pathologically descriptive phrase and call it “ acute postoperative 
necrosis of the liver.” 

Summary. 1. So-called high-temperature liver death syndrome 
is a clinical entity characterized by rapid progressive development 
of high fever, failing blood pressure, circulatory collapse, coma and 
death with a temperature as high as 109° F. within 36 to 48 hours 
after operation. 

2. The essential lesion in the liver is diffuse central necrosis of 
the liver lobules. 

3. Similar clinical courses and similar liver changes have been 
produced in 6 of 14 dogs by ligation of the hepatic arteries. 

4. In S dogs which did not die with this syndrome there was 
adequate collateral circulation to all lobes of the liver and there was 
no hepatic necrosis. 

5. The similarity in the clinical course and the pathologic changes 
in the liver in man and dog makes it reasonable to apply a patho- 
logically descriptive phrase and call this postoperative complication 
acute postoperative necrosis of the liver. 
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Pig. 32. — Photomicrograph of liver of Dog 7 fixed immediately after death, 
the disorganization, of the liver cords and the necrotic liver cells. 



. 33- Photomicrograph of human liver (patient A. B.). Postmortem exam- 

mation 1 hour after death. Note the disorganization of liver cords and necrotic 
liver cells. 
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ACUTE EPIDEMIC ENCEPHALITIS. 

A Clinical Study of 160 Cases.* 

By H. a. Slesinger, M.D., 

■WINDBER, PA. 

(From the Department of Medicine and Pediatrics, Berwind Clinic, Windber 

Hospital.) 

During the past two decades outbreaks of encephalitis have 
been reported at various intervals. They have been variously 
termed encephalitis, encephalitis lethargica, encephalomyelitis and 
meningoencephalitis. In general, the non-purulent encephalitides 
have been classified as follows;® 

I. Type A encephalitis, or encephalitis lethargica (encephalitis 
of Economo). 

II. Type B encephalitis or epidemic encephalitis (Japanese form 
and St. Louis form). Our present group of cases fall into 
this type. 

III. Post- or parainfectious encephalitis. This includes measles, 

mumps, whooping cough encephalitis, etc. 

IV. Other forms of encephalitis, such as postvaccinial enceph- 

alitis. 

Following the influenza epidemic in Italy® during 1889-1891, a 
disease known as nona was described. This simulated, to a great 
extent, a postinfluenzal encephalitis that was so common during 
the interval of 1915 to 1925. Von Economo described the typical 
postinfluenzal encephalitis lethargica in 1916. During the 1915- 
1925 period, a large number of this type of cases were reported. 
This is an entirely different form than that which occurred in 
St. Louis and other epidemics of Type B form. 

Several epidemics of Type B®’® have occurred in different parts 
of the world; but no large epidemic occurred in this country until 
the St. Louis epidemic in 1933. Japan has had frequent outbreaks. 
An epidemic occurred in Australia in 1917. No outbreaks of this 
type have been reported in Europe. In the United States, there 
were 4 distinct epidemics prior to the present one, but it reached 
large proportions only in St. Louis, with about 1100 cases. During 
the fall and winter months of 1919 to 1921, 78 cases were reported 
in Spokane, Wash. In Indianapolis, Ind., in 1930, 1931 and 1932, 
a curious outbreak was reported, which was described as meningo- 
encephalopathy. In Paris, 111., in 1932, 27 cases of encephalitis 
were reported. 

It is our purpose in this paper to describe an epidemic of acute 
encephalitis that occurred in the Windber, Pa., district during the 
summer months of 1935. The epidemic began on or about July 14, 
was at its height from July 27 to August 5, and waned until Septem- 

* Read at the Meeting of the Pittsburgh Neurological Society, November 18, 1935. 
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ber 15, ■when the last case was seen. During this time we observed 
160 cases. 

• The chronologic history of the epidemic is interesting: 

Case Abstracts. The first definitely diagnosed case, seen July 14, 1935, 
was an adult male, aged 25, who was suddently seized 'with pain in the 
left eye, severe headache and stiffness of the neck. About 6 hours after 
the onset of these symptoms, he was admitted to the Windber Hospital. 
Examination upon admission showed the patient to be semistuporous; 
there was marked cer-wcal rigidity and a bilateral Kernig sign. Spinal 
puncture showed the fluid 'to be clear, under increased pressure, positive 
for globulin, and there was a cell count of 2 cells per c.mm. His headache 
persisted for 1 week, and he complained of occasional vertigo during this 
time. Spinal puncture, on July 27, showed 8 cells. He was discharged 
from the hospital in good condition on July 29. Reexamination, on Sep- 
tember 25, showed patient to be in good condition and to be free from any 
subjective complaints. 

The second case, a male, aged 13, was seen on July 19. This was the only 
fatal case, and we were fortunate enough to obtain an autopsy. The onset 
was sudden. There was a history of the patient having been swimming on the 
afternoon of liis admission to the hospital. While in the pool, he complained 
of a severe headache and blurring of 'vision. He went out of the pool and 
rested. Very soon afterward he became comatose, and was brought to 
the hospital in this condition about 5 hours later. There was marked 
cervical rigidity and a bilateral Kernig sign. There was a spastic paralysis 
of the right arm and right leg. Spinal puncture revealed a bloody spinal 
fluid under greatly increased pressure. He died 2 days after admission. 
Autopsy showed a hemorrhagic meningoencephalitis. (For details, see 
discussion of pathologic anatomy.) 

During the next 2 weeks the epidemic assumed widespread pro- 
portions throughout the community. A brother of the patient who 
died developed the infection on Jul}-^ 25. On July 30, at the height 
of the epidemic, we saw 15 cases. During the second ■nmek of 
August it began to wane, and the last case was seen on September 15. 

Etiology. The disease is undoubtedly a virus infection. During 
the St. Louis epidemic, hluckenfuss, Armstrong, and McCordock^ 
isolated a filtrable xiriis from glycerinated brain tissue of fatal 
cases. They were able to reproduce the disease in monkeys and 
mice. As our cases did not seem to be as ^^rulent as the St. Louis 
tj’pe, it was felt that this type might be due to another strain of 
virus. The disease simulates influenza to a great extent, and one 
might even consider the fact that it is an influenza-like infection 
with a neurotropic ratlier than a pneumotropic ^^rus. The virus 
must also difi'er from the one that causes encephalitis lethargica, 
as the clinical picture and pathology of these two conditions is 
entirelv different. 

Epidemiology. The disease is apparently transmitted by human 
contagion by means of droplet infection. It is very highly con- 
tagious and entire families are frequently aftected; 'we ha\c encoun- 
tered instances in which 4 members of one family were affected. 
Residents of certain isolated districts of the community developed 
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the infection within a few days of each other. All of the patients 
had definite throat changes, tending to corroborate the idea that 
it is primarily a respiratory disease. 

As nearly as could be determined, the incubation period varied 
from 3 to 10 days; in most cases it was about 4 days. In 1 instance 
a father developed the disease fully 2 weeks after a child had it, 
but we felt that his was probably a fresh exposure. In some in- 



Chabt 1. — Distribution of cases according to date of onset. 


stances one member of a family would develop symptoms within 
1 day after a previous member had developed the disease; but these 
were probably due to simultaneous exposures. In general, it seems 
safe to say that the incubation period varied from 3 to 10 days. 

Season seems to 'have a definite influence upon this type of 
infection. In practically all of the other epidemics the highest 
incidence was during the late summer and early autumn months. 



Age 


Chart 2. — Distribution of cases according to age. 


The infection occurred more in males (98 males and 62 females), 
hlost of the cases occurred in children and young adults; only 
17 cases occurred after the age of 30. Young infants seemed to be 
immune; we encountered only 6 cases in infants under 2 years, and 
the youngest was aged 5 months. In an effort to determine whether 
young infants might not be affected with the disease and have 
vague symptoms, we did spinal punctures on a number of young 
infants who presented intestinal symptoms, such as vomiting and 
diarrhea or who had unexplained elevation of temperature. In all 
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of these cases the spinal fluid examination was negative. In this 
respect, encephalitis resembles other %’irus diseases, such as measles, ' 
young infants under 6 months being immune, as a rule. The oldest 
patient in the series was 63 years. 



Chaht 3. — Temperature, pulse, and respirations of a typical case. 

Sumftomaiology. There was very little variation in the symp- 
toms. Headache and nausea or vomiting were the outstanding 
symptoms. In a t^-pical case the patient would be seized with a 
sudden severe headache followed in a few hours by nausea and 
perhaps vomiting. All of the children had persistent vomiting; 
many of the adults had only nausea. The headaches were usually 
occipital and the ])atients described them as being more severe than 
any other headaches which they had previously experienced. They 
also frequently complained of photophobia, pain in the eyeijalls, 
pain in the posterior cervical region, backache, abdominal cramps, 
muscular pains, nervousness, sleeplessness and vertigo. IMuscuIar 
pains were encountered very freciuently; the vertigo was frequently 
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persistent and one of the last symptoms to disappear; the abdominal 
cramps would occasionally simulate an attack of appendicitis. 
Many patients were relieved of their symptoms while in the recum- 
bent posture, but developed headaches or vertigo while sitting up, 
or upon any sudden change in posture. 

In only 1 case were there convulsions or coma. This was the 
only fulminating case and the only one in which death occurred. 
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Ghaut 4. — White blood count in 38 cases. 


Physical Signs. In general, there was a notable absence of 
positive physical signs. Most of the patients did not have any 
cervical rigidity or positive Kernig sign. In a few of the severe 
cases with a greater degree of meningeal involvement there was 
mild cervical rigidity aud a moderately positive Kernig sign. Occa- 
sionally the pupils were irregular. There were no changes in the 
abdominal reflexes. One constant positive finding was the typical ‘ 
injection of the soft palate. The soft palate was reddened in all 
cases and presented a peculiar fine vesicular eruption, giving a 
strawberry-like appearance. The appearance of the throat differed 
entirely from that seen in the usual throat infections. 

In a few instances there was impairment of the mental faculties. 
In 1 case there was a hemiplegia. 

The temperature varied from normal to 102.4° F. In most cases 
it was about 101° F. upon admission, and would drop by lysis 
within 2 or 3 days. The pulse rate was usually slower than one 
would expect from the temperature record. In some instances 
there was a marked bradycardia, and in 1 case the pulse rate was 
as low as 24 per minute. , 

Blood Findings. There was usually a leukopenia (lowest leuko- 
cyte count, 4600). In many cases there was a normal count; in 
a few there was a moderate leukocytosis (highest, 13,600). There 
was no disturbance of the relationship of neutrophils to lympho- 
cytes, this, as a rule, being normal. 

Spinal Fhdd Findings. The spinal fluid findings made on 32 
patients, were important. We did not examine the spinal fluid in 
all cases, as many of the cases were too mild to be subjected to 
needless spinal punctures. However, during the first few days of 
the epidemic, spinal puncture ivas performed on all those suspected. 
We were amazed to find spinal fluid changes in many patients who 
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otlierwise might be considered to be suffering from gastro-enteritis 
or a form of influenza. In all but 2 cases the fluid was clear; in 
1 case it was opalescent; in 1 markedlj’’ bloody. The pressure 
varied; as a rule, it was increased (15 to 25 mm.); in some cases 
normal. Globulin was present in varying amounts in all cases. 
The cell counts were moderately increased; in a few cases they were 
normal, but in 22 they were over 20 per c.mm. Most of the counts 
were between 50 and 100; in 1 instance a patient had a cell count of 
3 on admission, but 3 daj^s later they had increased to 424; the 
highest was 670. The cells were 100% lymphocytes. The spinal 
fluid sugar was normal or slightly decreased. 

Table 1.— Cerebrospinal Fluid Cell Counts in 30 Cases of Epidemic 
Encephalitis. Differential Count: 100% Ltmphocytes. 


Cell count. No. of cases. By groups. No. of cases. 

1 1 

2 2 

3 (later 424) .... 1 Below 10 G 

5 2 


12 1 

13 1 

23 ' 1 

34 1 10 to 50 9 

40 2 

42 1 . 

44 1 

47 1 


57 1 

60 1 

67 1 

GS 1 50 to 100 9 

70 I 

80 1 

87 2 

88 I 


105 1 

112 1 

117 I 100+ 0 

122 1 

355 (Infer 670) 1 

393 ..1 


Clinical Course. There were 3 tiTies of the disease: 

1. The mild or abortive tj-pe. In this tj’pe the patient woukl 
be seized with a sudden, severe headache, vomiting, and moderate 
elevation of temperature. Vomiting and the headache would sub- 
side within 24 hours, and the patient would be perfectly well at the 
end of 3 days. 

2. The moderately severe, or. usual tj-pe. In this tj-pe the initial 
symptoms were more severe. The patient sometimes presented a 
picture of collapse. Headaches would persist for possibly a week or 
more. The temperature would fall by ly.sis in about 3 days, but 
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the headaches and vertigo would persist for sometime afterward. 
This type was occasionally followed by persistent headaches for 
several weeks. Most of these patients, however, felt well at the 
end of about 1 week, and have remained free from symptoms there- 
after. 

3. The severe or fulminating type. Fortunately, there was only 
1 case of this tj^pe. The onset was sudden; the patient rapidly 
became comatose, and died 2 days after the onset of symptoms. 

Difierential Diagnosis. The disease must be differentiated from 
the following : 

1. Influenza. The symptoms of influenza frequently simulate 
the symptoms that we encountered in this epidemic. The headaches 
were more severe than those ordinarily encountered in influenza. 
The throat had a characteristic appearance that differed from 
influenza. Spinal puncture served as a final means of differentiation. 

2. Meningitis. Symptoms of meningeal irritation were not as 
common as in meningitis. The spinal fluid pressure was not as 
great as in meningitis. Tuberculous meningitis usually has a more 
gradual onset, and does not result in cure as does this illness. It 
must be borne in mind, however, that most of these cases had some 
meningeal involvement also. 

3. Poliomyelitis. The involvement in our cases was cerebral 
rather than spinal. In no case was there any residual flaccid 
paralysis. The spinal fluid changes simulated those of poliomyelitis 
to a great extent. 

4. Encephalitis Lethargica. The symptoms and clinical course 
differed considerably from encephalitis lethargica. There was 
usually no lethargy and there were no postencephalitic sequelae 
such as follow the lethargic type of encephalitis. 

5. Appendicitis. Occasionally the abdominal pain and vomiting 
would lead one to suspect that the patient was suffering from an 
attack of appendicitis. However, there was usually no abdominal 
tenderness. Leukocytosis was usually absent. 

6. Acute Gastroenteritis. It was difficult to differentiate the 
disease from gastro-enteritis in many instances, particularly in 
children. In doubtful cases, spinal punctures would reveal the 
diagnosis. 

After the fii-st group of cases were studied, we were able to 
establish a group of symptoms and findings which enabled us to 
diagnose most of these cases without resorting to a spinal puncture. 
These were as follows; (1) Severe headache and vomiting; (2) 
characteristic throat findings; (3) leukopenia; (4) history of exposure. 

^\hen a patient presented the above history and findings, we felt 
we were justified in making a diagnosis without unnecessarily sub- 
jecting him to a spinal puncture. 

Pathologic Anatomy. A postmortem examination was made on 
1 case. 
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Autoiisy Findings (Dr. H. A. Slesinger) : The dura mater was 
injected. The entire brain was edematous and its cut surface 
presented a pinkish color. There were numerous petechial hemor- 
rhages throughout the cerebrum. There was a large area of hemor- 
rhage in the posterior extremity of the thalamus; this had caused 
erosion into the lateral ventricle and the latter was filled with blood. 

Histologic examination of the brain (Dr. R. D. Lillie) : 

“The leptomeninges present widened spaces without visible 
contents for the most part. In areas there is extravasation of con- 
siderable quantities of partially laked blood, accompanied by a few 
macrophages and occasional mantling of a small meningeal vessel by 
lymphocjdes. In occasional sulci there is considerable perivascular 
and interstitial accumulation of neutrophils and Ijunphocytes. 

“The anterior portion of the thalamus shows quite marked 
capillarj’’ congestion, rather numerous corpora amylacea (?) and slight 
lymphocj’te infiltration in the sheaths of a few arterioles. Masses 
of densely and metachromatically basophilic material similar to the 
above ‘corpora amylacea’ occur also in the vessel sheaths in other 
. similarly congested levels of the thalamus. These bodies are quite 
numerous in some markedly congested areas of white substance. 

“ In the posterior extremity of the thalamus, adjacent to the cut 
surface made in severing it from the brain stem there is a con- 
siderable area of hemorrhage into the brain substance, surrounding 
a small artery. Pericapillary hemorrhages are seen about the 
margins of this hemorrhagic area. Proliferative or inflammatory 
marginal reaction is absent. 

“The hippocampus shows no Negri bodies or other inclusions. 

“The corona radiata of the parietal to occipital regions contains 
several focal perivascular hemorrhages, sometimes of ring form with 
vessel necrosis centrally. An occasional arteriolar sheath in the 
occipital jegion is slightly infiltrated by lymphocytes. 

“The gray cortex shows only a slight patchy capillary congestion. 
There are no lesions in the corpus striatum or corpus callosum. 

“The findings are those of an acute hemorrhagic meningoenceph- 
alitis.” 

Prognosis. The prognosis was unusually good. There was 
1 fatal case. Of the remaining cases, all but 7 were perfectly well 
within 2 weeks from the date of onset of their illness. The remain- 
ing 7 complained of various sjTnptoms lasting from 3 weeks to 
3 months. 

Compiicaiions and Scgncla:. There were very few complications 
or sequete. There were no pulmonary, cardiac, or renal complica- 
tions. Seven patients complained of residual symptorhs. These 
included persistent headaches, vertigo, nervousness, sleeplessness, 
and weakness. At the present time only 1 patient in the entire 
group has any complaints. This patient, after a period of 3 months, 
still complains of occipital headaches and vertigo. His headaches 
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were, severe for about 2 months; they are now gradually becoming 
milder. He has also developed a moderate degree of baldness 
following his illness. It is certainly too early to state whether or 
not there will be any delayed sequelse such as occurred in the post- 
influenzal encephalitis. However, the experience in St. Louis was 
that there were no such sequelse.® 

Treatment The treatment varied with the severity of the disease. 
In the mild cases the patients were treated symptomatically with 
salicylates and codein and kept in bed for 1 week. The more severe 
cases were kept in bed for 2 weeks. At first, we did spinal punctures 
routinely, but subsequent experience proved that those that did 
not have spinal punctures recovered just as rapidly as those that 
did. We then performed punctures only on those patients that had 
persistent headaches for more than 24 hours, or where there were 
definite signs of increased intracranial pressure. 

About 10 days after the onset of the epidemic we started to use 
convalescent serum (administered intramuscularly) obtained from 
patients who had recovered from the illness. We used it both 
prophylactically and in the active treatment of the more severe 
cases. Twenty-two active cases received a therapeutic dose, which 
we arbitrarily placed at 7.5 cc. of serum. Although it is extremely 
difficult to evaluate the results, we felt that these patients recovered 
more quickly than those that did not have the serum. As stated 
above, only the more severe cases received the serum, and we found 
that they would improve at least 24 to 48 hours sooner than those 
that did not have the serum. None of these patients had symp- 
toms persisting for more than 1 week. The results with serum 
therapy were more satisfactory if the patient received treatment 
within 24 hours after the onset of the illness. In 1 case, a child 
with definite findings of encephalitis was given a dose of serum and 
was perfectly well within 16 hours. In most of the other cases the 
patient would begin to improve within 12 hours after the adminis- 
tration of serum and be symptom-free within 24 to 36 hours. How- 
ever, it must be remembered that many untreated patients also 
improved very rapidly. 

We are positive that convalescent serum has a definite place in 
prophylaxis of the disease. Prior to the use of serum we were 
unfortunate enough to have two members of the hospital personnel 
develop the infection. After the serum became . available, we 
administered 5 cc. of serum to 7 members of the medical and nursing 
staff who were most likely to be exposed; none of them developed 
the disease. 

Summary. 1. The clinical features of an epidemic of acute en- 
cephalitis have been described; 160 cases were seen over a period 
of 2 months. 

2. The disease was highly contagious. It ran a relatively benign 
course. There were very few residual symptoms. 
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3. Convalescent serum was of definite value both as a prophylactic 
measure and in the active treatment of the disease. 
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n. Treatment of Undulant Fever by the Intravenous 
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Paratyphoid “B” Bacilll 
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The object of this paper is to present a series of 12 cases which 
demonstrate the efficiency of foreign protein therapy in the treat- 
ment of undulant fever. The effectiveness of the intravenous admin- 
istration of foreign proteins in the treatment of this disease has been 
widely discussed. The usefulness of such substances is assumed to 
depend upon factors associated ivitli the sharp thermal reaction 
following their administration. 

The treatment we have used with unifonn success consists of 
the intravenous administration of mi.xed typhoid vaccine,* each 
cubic centimeter containing 1000 million typhoid bacilli and 500 
million each of para typhoid bacilli “A” and “B”. The initial dose 
of 50 million killed organisms was repeated cverj^ 5 days until 4 to 
0 treatments had been given, the dosage being increased 25 to 50 
million each time. 


Eli Lilly Companj' No. .31'765. 
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In 1918, Evans^ demonstrated a close relationship between the 
serologic behavior of the organisms responsible for undulant fever 
and Malta fever, and since then these two diseases have been regarded 
as practically identical. The relationship between this infection in 
man and contagious abortion in cattle is quite striking, as most cases 
of undulant fever are traceable to close association either with in- 
fected cattle or the consumption of raw cow’s milk from contamin- 
ated herds. 

The incidence of undulant fever in the United States is steadily 
on the increase. We have seen 12 cases of clinically active undulant 
fever in the Geisinger Memorial Hospital during the past 5 years 
in 20,000 general admissions. The United States Public Health Ser- 
vice Statistics^ for 1933 show a total of 1788 cases reported in that 
year and in 1934 there were 2017 reported. The records of the 
Bureau of Contagious Diseases for the Commonwealth of Pennsyl- 
vania® show 294 cases reported from 1929 to 1934. 

The disease presents a fairly characteristic picture by the time 
medical aid is sought. The onset is variable in type and intensity, 
ranging from abrupt chills, fever, abdominal pain, nausea, vomiting, 
acute arthralgia to simple malaise with a low-grade fever which 
may be overlooked. Men are more often affected than women; 
11 of our 12 cases were in men. The usual complaint on admission 
is wealmess, nervousness, loss of weight, arthralgia, fever and epi- 
gastric symptoms of varying patterns. Examination of blood for 
specific agglutinins of Brucella abortus is most valuable diagnostically 
after 2 weeks of illness, although some observers feel that this test 
frequently remains negative throughout the course of the disease. 
The intradermal skin test with undulant fever vaccine is helpful 
in the latter cases. Axel Thomsen,^ of Copenhagen, Denmark, 
found the complement-fixation test to be far more frequently posi- 
tive than the agglutination tests. 

The following case histories illustrate the findings and treatment 
in this series: 

Case 1. — R. F., white male, aged 8, entered this hospital, August 2, 1934, 
complaining of weakness, fever, malaise, anorexia, weight loss, generalized 
muscle soreness, headache and progressive stupor. The temperature fluc- 
tuated between 101 and 103. He was in a semistuporous state upon admis- 
sion which was rapidly progressive for the first few days. He had a bilateral 
Babinski, fleeting bilateral ankle clonus, absence of abdominal reflexes on 
the right side. Initial spinal fluid examination showed 175 cells mostl}'" 
small Ijunphocytes, 66 mg. sugar and 590 mg. chlorids. Twenty daj’^s after 
admission, his blood was positive for Br. aborhis in a titer of 1 to 160 (see 
chart for temperature pattern) . He was given his first treatment of 0.05 cc. 
typhoid mixed vaccine intravenously on the 15th day after admission. His 
temperature rose to 104° and returned to normal Mthin 24 hours, remaining 
normal for several days when a slight recurrence was noted, so a second 
injection was given. Convalescence was rapid and dramatic. Within 24 
hours after his first treatment the mentalb^ lethargic state cleared rapidb'. 
He was discharged from the hospital August 31, 1934, in good plij^sical 
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condition. Check-up examination February, 7 1936, showed a normal child 
whose blood gave a negative reaction for Br. aborhis. This case was of 
especial interest in view of his encephalitic manifestations. 

Case 2.-3. A. B., white male, aged 40, entered this hospital July 29, 
1934, complaining of weakness, daily temperature elevation of 6 weeks’ 
duration, of sleepless nights, chills and sweating on several occasions. Tliis 
man was manager of several farms and was frequen% thrown in contact 
vnth the dairy herds. Physical examination was irrelevant. Agglutination 
for Br. abortus was positive in a titer of 1 to 1280. Before a diagnosis of 
undulant fever had been established, this patient was given 10 cc. of 1 % 
mercurochrome intravenously and later 3 cc. of sterile skimmed milk intra- 
muscularly. Following each injection he showed a rather sharp thermal 
rise but no lasting improvement. On the 10th day after admission he was 
given the first treatment of 0.05 cc. typhoid mi,ved vaccine intravenousl}’’ 
(see temperature chart for reaction). Treatment was repeated, convales- 
cence was uneventful and check-up examination February 5, 1936, showed 
a normal individual whose blood gave a negative agglutination for Br. 
abortus. 


Case 3.— A. R., white male, aged 62, entered this hospital May 29, 1931, 
with the chief complaint of weakness and “stomach trouble.” Well until 
6 weeks prior to admission when the sj^ptoms of w’eakness and fever were 
■first noticed. 'Weakness was progressive. A diagnosis of undulant fever 
had been established by his family physician. Agglutination for Br. 
abortus was positive in a titer of 1 to 1280. Physical examination was 
irrelevant. Temperature fluctuated between 99° and 102°. He was given 
the first intravenous injection of tjiihoid mixed vaccine June 1, 1931, the 
second injection on June 6, the third on June 9, and foUovdng the last injec- 
tion, temperature dropped to normal and remained so. He was discharged 
from the hospital June 29, 1931, symptom free. Check-up exammation 
February 18, 1936, showed a healthy individual whose blood gave a negative 
agglutination for Br. abortus. 

Case 4. — L. G. K., white male, aged 54, entered this hospital January 22, 
1930, complaining of weight loss amounting to 25 pounds and nervousness 
of 3 months’ duration. Physical examination showed a warm, perspiring 


skin, moderate degree of, emaciation, weakness and tremor of the muscles 
of the upper extremities and temperature which varied between 99 ° and 101 °. 
Agglutination for Br. abortus was positive in a titer of 1 to 1280. ^’o 
weeks after admission the patient had liis first injection of 250 million 
typhoid orgam'sms intravenouslj’’. Tlie temperature immediately started 
to “flatten out” and remained normal after the third injection. Improve- 
ment was phenomenal. He was discharged from the hospital February 12, 
1930. Follow-up examination November 2, 1935, showed the patient to 
be in perfect health and agglutination to Br. abortus negative. 

Case 5.— J. M., white male, aged 38, entered this hospital December 1, 
1934, complaining of pain in the abdomen and chest, chills and fever at 
night of 2 weeks’ duration. For 12 consecutive days he had a dail}", hard, 
shaking chill follov'ed by high fever with diffuse perspiration. Malaria 
was suspected. Physical examination was remarkably negative. Blood 
agglutination was positive for Br. abortus 1 to 40 on December 7, 1 to 80 
on December 13, and 1 to 320 on January 4, 1935. He was given routine 
treatment of 0.05 cc. typhoid mixed vaccine intravenously and his tempera- 
ture returned to nonnal after the second injection where it remained. _He 
was discharged from the hospital December 28, 1934. Check-up examina- 
tion Tilly 31 1935, showed a normal indnddual except for subjective pain 
in the right l^ee joint. Blood gave a negative reaction to Br f!f>ortus. 

C^sE 6 — 4. D., white male, aged 14, entered this hospital IMay 14, 1933, 
complaining of fever of 4 months' duration. Sjunptoms began as headache 
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and fever. Onset was abrupt and be was confined to bed for several days. 
He improved so he could be up and around but continued to have afternoon 
chills, fever and headache. His temperature often went to 104°. During 
the 4 months of illness the clinical course was characterized by periods of 
exacerbation and relief. His temperature after admission fluctuated from 
around 100° in the morning to 105° in the afternoon. He had a chill 
followed by high fever every afternoon for the first week after admission. 
On the 8th day, treatment was instituted when he received 0.06 cc. typhoid 
mixed vaccine intravenously. This patient was given 6 injections of typhoid 
mixed vaccine and some improvement followed each treatment but temper- 
ature did not return to normal until after the last injection. He was dis- 
charged from the hospital June 3, 1933, much improved. Further convales- 
cence at home was uneventful. Follow-up examination January 7, 1936, 
revealed a normal boy whose blood gave a negative agglutination to Br. 
abortus. 

Case 7.— H. B., white male, aged 50, entered this hospital April 17, 1935, 
complaining of chills and fever. Illness dated back to March 24, 1935, 
when he had his first chill followed by fever. Since that time he has had 
daily elevations of temperature. Agglutination for Br. abortus was positive 
in a titer of 1 to 320. Admitted to the hospital for typhoid vaccine therapy. 
His temperature returned to normal after the third injection. He had 
0.05 cc., 0.075 cc. and 0.075 cc. typhoid mixed vaccine intravenously. 
His temperature dropped to normal and remained so. He was discharged 
from the hospital April 29, 1935. Agglutination for Br. abortus February 24, 
1936, was positive but the patient has remained symptom free. 

■ Case 8.— G. H., white male, aged 32, was admitted to this hospital 
September 18, 1933, complaining of afternoon fever of 5 weeks’ duration. 
Onset was acute with aching throughout entire body. Confined to bed for 
2 days. Up and around afterward. Not able to work. Had non-productive 
cough since onset of illness, worse ujjon arising in the morning. Physical 
examination showed a well-noiuished individual, not ill apparently. Agglu- 
tination for Br. abortus was positive in a titer of 1 to 640. His tempera- 
ture ranged from 99° to 101°. He could not remain in the hospital so he 
returned home on September 19, but was readmitted September 25 for 
treatment. He was given 5 intravenous injections of 0.05 cc. typhoid 
mixed vaccine on the following dates: September 26, 28, 30, October 3 
and 7. His temperature returned to normal after the third injection and 
remained normal thereafter except during treatment. He was discharged 
from the hospital finally October 10, 1933. He has been symptom free since. 
Agglutination, was negative for Br. aborhis August 26, 1935. 

Case 9. — W. H., white male, aged 53, entered this hospital_from Devitt’s 
Camp April 16, 1935. Diagnosed as acute undulant fever complicated by 
active pulmonary tuberculosis. Due to the fact that this patient was suffer- 
ing from tuberculosis, he was given only 0.035 cc. mixed typhoid vaccine 
as a first dose and 0.025 cc. for the second, third and fourth. Temperature 
response was similar to those illustrated by Chart I. He was discharged 
from the hospital May 1, 1935. FoUow-up January 28, 1936, reveals no 
symptoms referable to undulant fever but his agglutination for Br. abortiis 
is stm positive in a titer of 1 to 160. October 21, 1935 it was positive in a 
titer of 1 to 320. 

Case 10.— A. B., white male, aged 40, was admitted to Devitt’s Camp 
June 18, 1934. At that time his temperature was fluctuating between 99° 
and 100 °. He was treated bj’' pneumothorax and as a result his temperature 
gradually declined with only occasional exacerbations, reaching normal 
October, 1934, where it remained until Februarj’’ 1, 1935. Another exacer- 
bation of temperature began at this time wliich persisted until March 2 
when it began to subside. On March 19, 1935, he entered this hospital. 
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His blood showed a positive agglutination for Br. abortus in dilution 1 to 
1280. llTiile here, his temperature continued to drop and when he left the 
hospital March 25, it was fluctuating between 98° and 99°. After return- 
ing to the Camp, his temperature remained practically normal. This is an 
example of a patient suffering from undulant fever and active pulmonary 
tuberculosis who made an uneventful recovery without any special therapjf. 
It has been suggested that perhaps the tuberculosis had some influence in 
the favorable termination of the undulant fever. On January 28, 1936, an 
agglutination test of the blood serum for Br. abortus was negative. 



Chaht I. — Fluctuations of temperature followinc the intravenous injection of 
killed typhoid and paratyphoid "A” and “B” bacilli. (Ty = injection of killed 
typhoid and paratyphoid organisms: Mer = mercurochrome.) 


Case 11.— J. K., a white male, aged 19, entered this hospital Januarj-- IS, 
1930. This patient ran a typical course of undulant fever with onset of 
sjmiptoms December 21, 1929. He had a normal morning temperature 
but afternoon temperature rose to 102° or more. While in the hospital, 
temperature fluctuated between 99° and 101.4°. When he was discharged 
from the hospital Januarj- 27, 1930, the fever was not improved. He went 
home and has had no special therapy. He continued to have fever for 5 
months after he returned home and his physician reported 5 years later 
that lie had never returned to his nonnal health. He still complains of 
periods of fatigue, vague, fleeting pains in various parts of his body, heart 
coiwciousness, but he has had no recurrence of fever This patient was 
under observation before the use of typhoid vaccine had been instituted. 
His convalescence undoubtedly could have been greatly shortened by tins 

agent. 
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Case 12.— D. L. S., white female, aged 51, entered this hospital August 
22, 1935, complaming of pain in the l^gs and joints, “poor heart,” cough, 
repeated attacks of fever and night sweats of more than a year’s duration. 
Ten months before admission she had been confined to bed for 4 weeks 
with fever of unlcnown origin. In January, 1935, she was admitted to 
another hospital where a diagnosis of undulant fever was made. She re- 
mained in the hospital for 30 days but her symptoms continued. Physical 
examination revealed a poorly nourished woman prematurely senile, sunken 
eyeballs, red tongue, pusy tonsils, heart sounds of poor quality, inguinal' 
hernia, rectocele and cystocele, slight swelling of the hands, especially of 
the second metacarpal phalangeal joints. Our first impression was that 
the patient had a malignant disease masquerading under the diagnosis of 
undulant fever. Agglutination for Br, abortus was positive 1 to 320. Her 
temperature was of an irregular pattern reaching a peak of 101.4°. She 
was given 0.05 cc. typhoid mixed vaccine intravenously on the 13th day 
after admission. This dose was repeated twice. ■ Improvement was rather 
phenomenal except for the fact that she has continued to complain of pain 
in the joints. After the fii'st injection she had a desire to get out of bed and 
began to take an interest in things about the ward. She was discharged 
October 8, 1935. Follow-up examination January 10, 1936, showed an 
agglutination test for Br. abortus was positive in a titer of 1 to 60. She was 
greatly pleased with improvement made to date, however. She was un- 
questionably a case of chronic undulant fever and we are glad to include 
her in this series. 

Discussion. It is of interest to conjecture as to the manner in 
which such a non-specific substance as mixed typhoid vaccine 
influences the course of undulant fever. One is impressed by the 
fact that almost any substance which will bring about a sharp 
thermal reaction will act favorably on the infection of undulant 
fever. For instance, Debono® noted that after giving intravenously 
a filtrate prepared from Brucellin and Melitine that the temperature 
of the patient reached a maximum in 17 or 18 hours and then it 
came down the next day. He was able to bring the temperature 
down to normal after 2 or 3 injections of this material. It is noted 
in one of our cases, for instance, after the use of mercurochrome and 
skimmed milk, a favorable influence was exerted upon the fever. 
Our experience corresponds to' the favorable results reported by 
Sinclair Miller.® 

The mechanism of recovery is still a matter of speculation. Li 
a previous article we reported that from the hemocytologic stand- 
point, the most significant changes which occurred following the 
intravenous injections of killed tj>phoid and paratyphoid bacilli 
were found in the total leukocjfle count, the neutrophils, the meta- 
myelecjAes and the lymphocytes. These observations were made 
by obtaining a control count immediately preceding the injection 
of killed organisms. Following the injection of the killed tjqihoid 
and paratyphoid bacilli a complete blood count was made at hourly 
intervals for a period of 4 hours; 24 hours after the injection another , 
complete blood count was taken. With few exceptions the blood 
counts were made by the same person and the differential counts 
in all instances were checked by one of us. 
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In the series of cases reported in this article a similar study was 
made of each patient’s blood and in every instance following the 
injection of the killed organism a relative leukopenia occurred in the 
first hour followed by a return to the pre-injection level in the second 
hour. In the third- and fourth hours there was a leukocytosis, 
follow^ed by a drop to the pre-injection level after 24 hours. The 
.neutrophil response closely paralleled the response of the total 
leukocjdes. The metamyelocjdes showed no initial increase but 
a steady increase during the first 4 hours. 

The Ijrmphocytes showed an increase in the first hour and a 
decrease in the following 3 hours. The postinjection 24-hour count 
revealed that the lymphocjdes were near the pre-injection level. 

All of the hemocidologic changes just described were transient as 
evidenced by the fact that at the end of 24 hours the findings were 
practically identical with the pre-injection observations. 

While the observations reported in this study do not explain why 
the patients recovered, we do feel that inasmuch as they were 
infected with a specific organism {Br. melitensis or Br. aiortus), 
the results obtained strengthen the theory that the injection of 
killed tj'phoid and paratj^ihoid bacilli stimulate a general non- 
specific immunogenic reaction. This reaction is reflected in the 
altered blood picture which indicates a response of the reticulo- 
endothelial system to the foreign proteins injected. 

Such a response may in turn be the fundamental reaction which is 
responsible for the production of resistance or immunity. While 
we do not know exactly where antibodies are formed, our results 
suggest that the injection of killed tj'phoid and paratj'phoid organ- 
isms is responsible for the production ’in the body of non-specific 
or specific antibodies of sufficient quality to enable the patient to 
overcome the disease. Of course, one cannot discuss immunity 
without considering the role played by the phagocj'tes in ridding 
the body of bacteria. In the problem dealt with in treating these 
patients, phagocytosis may have played an important part, but 
from the results obtained from animal experiments which we will 
report in a subsequent article, we are convinced that the production 
of antibodies is the factor responsible for the patient’s recovery. 

Conclusions. 1. Of 12 cases of undulant fever observed, 10 were 
treated by the intravenous administration of typhoid vaccine. 
The results in all 10 were satisfactory. There have been no recur- 
rences and tlie follow-up slgglutination tests for Br. ahorius were 
negative in 9 of the 10 cases treated. Two follow-up agglutinations 
in control cases were also negative. 

2. These residts comjiare favorably with the treatment reported 
by other authors who have used specific substances prepared from 
Br. abortus. 

3. The distinct advantages of tj-phoid vaccine are its avail- 
ability in all localities and the simplicity with which it can be 
administered. 
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NEPHRITIS IN GOUT. 

By Maurice A. Schnitker, M.D., 

AND 

Arthur B. Richter, M.D., 

ASSISTANT KESIDENT PHTSICIANS, MEDICAI. CMNIC OF THE PETER BENT BRIGHAM 

HOSPITAB, BOSTON, MASS. 

(From the Medical Clinic.) 

ARETiKUS, the Cappadocian, a contemporary of Galen, is given 
credit for first describing a scanty, deep yellow, cloudy urine during 
attacks of gout.^ Thus, some seven centuries after the recognition 
of gout by Hippocrates, attention was directed to the kidneys. The 
red granular kidney of this disease has been commented upon and 
described through many centuries. Nephritis has been regarded 
as a common complication in gout, and there have been a number of 
isolated case reports in the literature, but statistics on the subject 
of kidney disease in gout, based on series of cases, are lacking. 

The lesion in the kidney that has been described in gout is that 
of “interstitial nephritis” (nephrosclerosis or the arteriosclerotic 
kidney); in fact, “interstitial nephritis” has often been alluded to 
as the “gouty kidney.” Rarely have uratic deposits in the kidney 
in sufiicient amounts to produce renal impairment been encountered. 
Nephrolithiasis, long supposed to be a manifestation of gout, is 
now regarded as incidental. On account of the belief that albu- 
minuria and decreased renal function are common in gout, the old 
question of impaired renal function as an etiologic factor in this 
disease is still a point of controversy. In only a few instances have 
pathologic studies shown normal kidneys in gout. 

Vascular disease and hj'pertension are thought to be fairly 
common in gouty subjects,^ but it must be remembered that the 
age period in which gout usually occurs is the one in which essential 
hjqDertension and arteriosclerosis are frequent. However, the litera- 
ture suggests that nephritis is more common in this disease than is 
expected in non-gouty patients of a similar age. The origin of the 
nephritis has been assumed to be on a vascular basis. 

In the course of another study on gout" we were struck with the 
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extremely high incidence of the additional diagnosis of chronic 
nephritis in the cases of gout in this hospital. In an analysis of 
these cases, which constitute the material for this study, we have 
attempted to determine an approximate incidence of nephritis in 
gout and to study the clinical and pathologic tj'pes of renal disease. 

We have reviewed the records of 55 cases of true gout admitted 
to this hospital from 1913 to 1935. Any cases in which the diagnosis 
was somewhat questionable were not included ; We wish to empha- 
size that the diagnosis of gout was quite conclusively established. 
Most of our cases were the ones in which certain fundamental 
studies in gout were made and published by Pratt,^ McClure,^ 
Folin, Berglund and Derick.^ Thirty-nine (71%) of the 55 cases 
had tophi containing sodium urate crystals, universally accepted as 
pathognomonic of gout; the others had an unmistakable history of 
podagra, accepted by the above observers. Inasmuch as patients 
with gout usuallj'- die from other causes, we have autopsy studies 
in. but 4 cases, and, fortuitously for this review, all of them had 
nephritis. 

Analysis of Cases. In this' series of 55 cases, there were 51 males, 
and 4 females, (1 a negress). Among the males there were 2 Greeks, 

1 negro and 1 Turk; the others were Anglo-Saxon. The average 
age for the series was 52.4 years, and most of the individuals had 
had gout for over 10 years. Hearty eating has always been asso- 
ciated with gout, but obesity did not seem to be any more common 
in these cases than in the general population between the ages of 
40 and 60. However, nearly all of them had a history of alcoholism, 
hlost of the cases were seen during an acute attack. There were no 
cases of leukemia to account for a high blood uric acid value, but 
there was 1 instance of polycythemia. One patient had had chronic 
lead poisoning. On a clinical basis the series has been divided into 

2 groups, those with and those without nephritis. 

Goui With Ncjiliritis. Of the entire series of 55 cases, 17 (31 %) 
had definite nephritis. The great majority of these individuals 
were thinner than those without demonstrable renal damage. 
Fourteen (82%) of these 17 had tophi and the average duration of 
gout for the group was 11 years. The evidence of nephritis con- 
sisted of persistent albuminuria and significant impairment of renal 
function, as shown by at least two of the following tests, phenol- 
.sulphonephthalein excretion, concentration tests, McClean urea 
index and azotemia (Table 1). In 5paticnts the renal damage resulted 
in uremia and death. Decreased kidney function, due to obstruc- 
tion in the lower urinary tract, was not a factor in any of the cases. 

Albuminuria of moderate to marked degree was a constant 
finding in this group. Azotemia ivas present in the majority of 
the cases, the blood urea nitrogen ranging from 15 to 260 ing. per 
100 cc. Ih-pertension was present in 13 of the 17 cases, an incidence 
considcrablv higher than in the non-nei)hritic group. The range 
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in blood pressure was from 110/65 to 240/140, with an average of ' 
180/110. The blood uric acid in these cases was, for the most part, 
distinctly elevated.* Since the uric acid is usually elevated in 
chronic nephritis without gout, we have simply tabulated the uric 
acid values (Table 1), making no attempt to interpret them. 


Table 1. — Gabes op Gout With Nephhitis. 


Case No. 

Age. 

Type of nephritis. 

Albuminuria.* 

Phenolsulphone- 
phthalein, %. 

Nitrogen retention, 
B.U.N. 

Blood uric acid, 
mg.%. 

Blood pressure. 

Congestive heart 
failure. 

Vascular disease | 

i 

1 

59 

Arteriosclerotic 

+ + + 1 


67 


110/65 

0 1 

i 

Severe. 

2t j 

40 

Arteriosclerotic 

+ + -f + + 

30-5 

60 

6.8 

220/130 

Slight 1 

Moderate. 



and glomerular I 






1 


3t 

46 

Vascular 

+ + + + + 

[ 5 

260 

. . . 

220/120 

Slight 

Severe. 

4 

62 

Vascular 

+ + + + 

1 25 

21 

5.6 

170/120 

Slight 

Moderate. 

5 

43 

Vascular 1 

+ 4" 4- '+■ 

24 

27 

5.6 

180/110 

0 

Slight. 

6 

55 1 

Vascular 

++++ 

1 5 

35 

3.6 

185/140 

Slight ; 

Severe. 

7 , 

58 I 

Vascular , 

+ "f" "f- 

1 12 

35 

3.3 

140/70 

0 1 

Slight. 

8 

41 

Vascular 

+++++ 

40 

19 

7.7 

190/120 

0 1 

Moderate. 

91 

61 

Vascular ! 

++++ 

i 12 

100 

8.0 

225/140 

Slight 

Moderate. 

10 

35 

Vascular 

++++ 

■ 30 

41 

8.3 

220/140 

0 1 Moderate. 


27 

Chr. glomerular 

4" 4’ 4- 4" 

5 

215 

6.7 

120/80 

Slight i 

Slight. 

12t 

46 

Vascular 

"i" + + 

5 

260 


200/120 

0 ! 

Severe. 

13 

38 

Vascular 

+ + 4- 

40 

15 

4.7 

155/100 

0 ! Slight. 

14 

35 

1 Vascular 

+ + ■+• 

30 

32 

6.8 

190/120 

0 

Slight. 

15 

57 

1 Vascular 

+ + + 

30 

35 

6.4 

150/90 

Moderate i 

Slight. 

16 

43 

Chr. glomerular 

+ + + + + 

25 

56 


240/140 



17 

43 

Vascular 

H h + 

42 

30 

3.5 

135/95 

0 

Slight. 


* Albumin; +, slightest possible trace; ++, very slight trace; + + +, slight trace; + + + +. 
trace; +-<; + + +. large trace. 

t Died in Uremia. Phenolsulphonephthalein (I.M.), normal range, 45 to 65% in 2 hours. 


The clinical type of nephritis in 15 of those 17 cases, as nearly as 
it could vbe determined, was vascular (“interstitial nephritis” or 
nephrosclerosis). The other 2 patients had chronic glomerular 
nepliritis. Of the latter, 1 (Case 16) is most interesting in that, 
after a podagra history of 10 years’ duration, he developed the 
nephrotic syndrome with rapid progression, within a year, to hyper- 
tension and renal failure. Death which occurred outside the hospital 
was due to uremia or to a cerebral vascular accident. The other 
patient was seen with subacute glomerular nephritis approximately 

1 year before the onset of podagra (Case 11). He died in uremia 

2 years later. 

All of the cases in this group had clinical evidence of arterio- 
sclerosis of moderate to marked degree. Retinal hemorrhages and 
white spots were present in at least 6 of the 17 cases. One patient 

* There have been several modifications of the original Folin method of blood 
uric acid determination (1913), the range of normal changing with each improvement 
in technique. In addition, since the blood uric acid level alone does not make a 
diagnosis of gout, it is well not to interpret the figures too closelju To include the 
normal figures given in the various modified Folin tests carried out in this hospital, 
we have arbitrarily chosen 5 mg. per 100 cc. as the upper limit of normal blood uric 
acid. 
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had chronic lead poisoning, mentioned because of its possible 
etiologic association wdth both arteriosclerosis and gout.®’ ' 

As expected, with the nephritis and hypertension, .the percentage 
of cases with congestive heart failure (41%) in this group was 
considerably higher than in those without nephritis. We were 
surprised to find that the average age of this group of patients 
vdth nephritis was 45, 10 years less than the average age of the 
patients without nephritis. 

Table 2. — Cases of Gout Without Nephritis. 


Case 

No. 

Age. 

Albumin- 

uria.* 

Phenol- 

Bulphone- 

phthalein, 

%. 

Nitrogen 

retention, 

B.U.N. 

Blood 
uric acid, 
ing.%. 

Blood 

pressure. 

Conges- 
tive heart 
failure. 

Vascular 

disease. 

1 

48 

0 




130/90 

t 

0 

0 

2 

60 


so 

19 

5.0 

165/95 

0 

Moderate. 

3 

59 

0 

61 


6.8 

190/120 

Alodoratc. 

Slight. 

4 

35 

0 

35 


4.8 

165/105 

0 

0 

5 

53 

+++ 



2.4 

115/90 

0 

0 

6 

43 

0 

SO 

'28 

4.9 

130/90 

0 

0 

7 

45 

+++ 

45 

. . 


165/90 

0 

0 

s 

39 

0 

40 

18 

5.5 

140/70 

0 

0 

9 

65 

0 

50 

25 

5.5 

150/80 

0 

SIiKht. 

lot 

44 

+ 

oo 


5.9 

150/90 

Severe. 

Slight. 

11 

47 

0 

50 

13 

4.5 

115/90 

0 

Slight. 

12 

54 

0 


10 

3.0 

130/90 

0 

Slight. 

13 

41 

0 

50 


7 5.0 

100/50 

0 

0 

14t 

62 




8.0 

200/120 

Moderate. 

Moderate* 

15 

48 




0.0 

125/80 

0 

Moderate. 

16 

56 

0 

. • • 


. . . 

145/90 

Sliglit. 

Jloderatc. 

17 

53 

0 

. , . 



120/60 

0 

Slight. 

IS 

57 

0 



i.6 

135/80 

0 

0 

, 19t 

55 

+++ 

55 


5.7 

148/80 

Moderate. 

Moderate. 

20 

70 

+ 

40 



180/90 

0 

Moderate. 

21 

08 

+-+++ 



5.7 

180/90 

0 

Moderate. 

22 

70 

0 



160/90 

Severe. 

Severe. 

23 

40 

0 



4 . 0*5 . 0 

135/70 

0 

Slight. 

24 


0 

45 

11 

4.7 

215/120 

0 

Slight. 

25 

54 

0 

47 

13 

3.6 

135/70 

0 

0 

20 

70 

+++ 


15 


180/80 

0 

Moderate. 

27 

oS 

0 



6.3 

160/90 

0 

Slight. 

28 

69 

0 



5.2 

135/80 

0 

0 

29t 

69 

+++ 

45 

11 

4.6 

120/70 

Severe. 

Severe. 

30 

47 



15 

3.5 

135/95 

0 

Slight. 

31 

40 

0 

*45 

9 

4.2 

130/90 

0 

Sli^it. 

32 

53 

0 

45 

10 

5.8 

110/70 

0 

0 

33 

41 

4*4 — 

50 

15 

3.9 

125/90 

0 

0 

31 


4 + 4 

0 

50 

s 

4.4 

210/105 

0 

Moderate. 

35 

C6 

0 

50 

20 

5.2 1 

210/120 

Slight. i 

Moderate. 

30 

02 

.57 

-f ++ 

45 


( 

lS.5/100 

.Siisht. j 

Severe, 

37 


50 

14 

6.4 

21.5/105 1 

0 

Slight. 

38 

61 


15 

... 

150/60 

Slialit. 1 

Slight. 


* Albumin: -f-, eliglitcst posfible trace; -f"f. vcryelipbt trace,* + -f +» slight trace; + 


Albuminuria associated with cardiac failure. Phcnohulphoncphthalcin (I.M.): normal 
range* do to 65% in 2 hours. 

Gojd Wiihoid Nephritis. The average age for this group was 
55 years. There was a slightly greater incidence of obesity in this 
group than in the other, but it was not unusual for this age period. 
Twentv of the 38 patients (53%) had tophi, and the average dura- 
tion of gout in this group was 13 years, 2 years longer than in the 
cases with nephritis. As seen in Table 2, IG of the cases had albu- 
minuria of slight to moderate degree, but no other findm.gs on wliidi 
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to make a clinical diagnosis of nephritis. The albuminuria was 
due to cardiac failure in 4. However, in another case of severe 
congestive heart failure (Case 22) albuminuria was not observed in 
many examinations. During an attack of gout, albumin in the 
urine has been considered rather common, but it could be possibly 
attributed to this cause in only 8 cases (21 %) , in which we could find 
no other explanation. 

Kidney function, as investigated by the tests already enumerated 
for the cases with neplu'itis, was essentially normal for this group. 
It was only slightly impahed in a few instances, not enough in any 
case, however, to warrant a clinical diagnosis of nephritis.'^ Although 
the uric acid excretion, before and after the use of various drugs, 
special diets and even the intravenous administration of uric acid 
was determined in most of the cases, we have considered'it unneces- 
sary to utilize these data, previously reported by others, as this 
would only lend further proof to the diagnosis of gout. 

It has long been estalalished that the blood uric acid need not 
be elevated even during an attaek of gout. However, the blood 
uric acid was above 5 mg. per 100 cc. in 13 of the 38 cases of this 
group. 

A comparison of the blood pressure in the two groups showed a 
striking difference. The average blood pressure was considerably 
lower in this non-nephritic group. Less than half— 14— had hyper- 
tension (over 150 mm. Hg systolic and 95 mm. diastolic). In these 
38 patients the blood pressure ranged from 100/50 to 215/120, 
averaging 165/90. As previously mentioned, these individuals 
showed considerably less arteriosclerosis, though they were 10 years 
older, and only 8 cases (21%) had congestive heart failure. 

The fact that 16 cases with albuminuria and 14 with hyperten- 
sion are included in a group of 38 cases under the heading “ without 
nephritis demands an added statement. The presence of albu- 
minuria or hypertension alone does not make a diagnosis of nephritis. 
Although a significant degree of albuminuria and hypertension 
together was present in 6 of the 38 patients, as far as we were 
able to determine from the evidence available, there was no impair- 
ment of renal function to justify a diagnosis of nephritis in any of 
these cases. 

Pathologic Anatomy. The pathologic descriptions of the kidney 
in gout in isolated cases in the literature for the most part have 
been those of clrronic “interstitial” nepliritis. The degree of con- 
traction has been found to be so severe in some cases as to lead a 
few authors®- “ to describe this kidney as a “primary granular 
atrophy.” Deposits of urates may occur in the interstitium of the 
kidney, usually in the medullary portion, best seen in the gross 
specimen, in addition to the interstitial nephritis. These deposits 
may be very extensive, as in a case recently described by Fahr,*® 
but a survey of the literature shows that such instances are not the 

voii. 192, NO. 2. — AUGUST, 1936 9 
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rule in gout. Sucli deposits liave not been given primary considera- 
tion, though Fain- would seem to place more significance upon them 
than do other writers. It is Umber’s opinion** that “the urate 
deposits .can exist in the gouty kidney without the manifestations 
of chronic nephritis, and they have in no way any serious connection 
with the renal disease.” Many of the older clinicians supposed 
that the renal disease in gout predisposed to or caused kidney and 
bladder stones ; we may presume that stones occurring coincidentally 
in a gouty patient might develop more rapidly, but nephrolithiasis 
is now supposed to have no necessary connection with gout, but to 
depend on bacterial and other local causes-^ Finally, the most 
common form- of uratic deposits in the kidney is the uric acid 
“infarct,” composed of ammonium rather than sodium urate, occur- 
ring in infants. This condition has no association with gout.^®’ “■ ’* 

We are indebted to Dr. S. B. Wolbach for re-viewing -v^ith us the 
histopathology of the kidneys of our 4 necropsied cases, descriptions 
of which follow; 

Pathology of 4 Cases. Case 1. — (Table 1.) The right kidney weighed 
5.5 gm.; the weight of the left was not recorded, nor histologic examination 
made. The capsules stripped easily from a moderately granular surface 
of lighter color than usual. The left kidney contained a cyst, 2.5 cm. in 
diameter; the parenchyma of the right kidney contained a few smaller 
cj'sts. Microscopically, the glomeruli were essentiallj'- normal except in 
areas of fibrosis corresponding to a few moderately sclerosed arcuate 
arteries. There was onl}' slight intimal thickening of the smaller arteries. 
The tubules for the most part were normal. Leukocytic infiltration was 
absent. The slight histologic changes were those of arteriosclerosis in a 
kidney weighing only 55 gm. It was concluded that the right kidney 
was hj-poplastic. 

Case 2. — (Table 1.) The right kidney weighed 105 and the left 30 gm. 
The left was an anomalous mass of fibrous tissue -with small cysts containing 
clear fluid; the right, a typical red granular kidney with a small adenoma 
in the upper pole. On section the cortex measured 3 to 6 mm. and was 
scarred; the glomeruli were irregular and indistinct. In the medulla were 
streaks of white crj-stallin material (uric acid cr 3 ’'stals), most numerous in 
the boundar}”- zone. This gave a fan-shaped and striped appearance. 
Microscopic studj^ showed extensive diffuse fibrosis with atrophj' of the 
remaining renal elements. Generally the glomeruli showed marked fibrosis 
of varjing degree, the majoritj' being reduced to acellular hj-alinized 
cicatrices. However, the changes in a few were suggestive of an old 
glomerular nephritis. The large arteries showed marked concentric thick- 
ening of the intima, proliferative in tjiie, -ndth marked diminution of the 
lumen. The small arteries and arterioles showed thickening of their walls 
Avith hyalin changes associated -with hj-pertension. The tubules were 
dilated br atrophied and separated through interstitial fibrosis. Tlie process 
was predominantly that of arterial and arteriolp nephrosclerosis, possibly 
superimposed upon a healed glomerular neplu-itis. 

Case 3.— (Table 1.) Each kidney AA'eighed 55 gm. Tlie capsule stnpped 
Avithout difiicultv from a finely granular, pallid surface. The cortex Av.as 
thin and scarredb The smaller arteries appeared sclerosed, IMicroscopic 
study shoAved concentric thickening of the intima, proliferath'e m type, of 
the large arteries. Tlie .=mal! arteries and arterioles shoAved marked hyalin 
degeneration and thickening of the walls. The glomeruli Avere markedly 
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reduced in number, being represented mostly by liyalinized fibrous tissue 
incorporated in areas of diffuse fibrosis. A few appeared essentially normal 
and hypertrophied. Others showed old subcapsular adhesions. Many of 
the tubules were atrophic or replaced by fibrous tissue; others were hyper- 
trophied and distorted. The pathologic picture was that of a healed glo- 
merular nephritis followed by arterial and arteriolar sclerosis with additional 
glomerular damage. 

Case 4. — (Table 1.) The left kidney weighed 185 and the right 160 gm. 
The capsule stripped with difficulty from a slightly nodular surface in 
which there were deep, irregular scars. The bloodvessels were moderately 
sclerosed; the cortex was slightly thinned. Microscopically, there were 
surprisingly few changes. The arterioles were essentially normal. An 
occasional small and medium-sized artery showed intimal thickening and 
hyalin degeneration with slight fibrosis of the corresponding glomeruli. 
Otherwise the glomeruli were not remarkable. There was no increase of 
connective tissue; no leukocytic infiltration. A few of the tubules showed 
slight epithelial degeneration. The residual changes, then, were those of 
slight arteriosclerosis. Moderate arteriolar sclerosis, however, not seen in 
the kidneys, was seen in sections of the pancreas and adrenals. 

Discussion. For many years after the work of Garrod in 1848,'® 
the theory that impaired renal function is the primary factor in 
the cause of gout largely dominated the viewpoint of both clinicians 
and pathologists. More recently, opponents to this theory®’'^ have 
stated that functionally normal kidneys do occur in gout; patho- 
logically, however, Moore'® found normal kidneys in only 6 of 
80 cases. 

Before the development of modern renal function tests, a diagnosis 
of kidney disease was made chiefly from the presence of albuminuria 
and cylindruria alone, and obviously any statistics on such a basis 
are erroneous. By such criteria over half of our 55 cases had 
nephritis, but with our present methods, actually only 31% had 
enough renal impairment, as shown by ordinary clinical tests, to 
be termed nephritis. 

We have included with our cases of nephritis 2 of the patients 
shown by McClure'* to have, by more delicate tests, renal impair- 
ment, but insufiicient at that time for a diagnosis of nephritis. 
However, further observation of these 2 cases has established a 
definite diagnosis of nepliritis. Other cases reported in his series 
are included in our non-nephritic group. In his studies these showed 
only the slightest renal impairment; but unfortunately we do not 
have follow-up studies to determine if they too had nephritis. 
Contrary to McClure, we must conclude from the larger series now 
available for study, that impairment of renal function in gout, 
judged by the ordinary tests, is uncommon in the absence of neph- 
ritis. We also believe that albuminuria in gout, when not due to 
cardiac failure, is not as common as many have supposed in the 
absence of nephritis. This is in disagreement with Williamson,'® 
who found albuminuria in 45% of his cases but diagnosed nephritis 
in only 6%. In 8000 cases of gout which Gemmel'" claims to have 
observed, 10% had albuminuria and only 3 cases had definite evi- 
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deuce of nephritis. These two are the only studies we have found 
in the literature^ since the introduction of- modern kidney function 
tests, giving an incidence of nephritis in gout. However, neither 
of these authors stated whether or not kidney function had been 
determined in their cases. 

Associated with the supposed frequent occurrence of nephritis 
in gout, which has been regarded as “interstitial” or vascular in 
one would expect to find a large amount of generalized vas- 
cular disease as well as hjqiertension. However, the e\ddence in 
the literature on this point is contradictory. The viewpoint of the 
older writers is well expressed in an aphorism by Huchard,'® that 
“the gout is to the arteries as the rheumatism is to the heart.” 
The more recent concepts are as given by Aschoff, that “genuine 
gout has nothing to do with arteriosclerosis,” and by Allbutt, ^ that 
“regular gout and hypertension are not more than incidentally 
associated. . . . Arteriosclerosis, whether with high blood pressure 
or not, is a frequent but by no means obligatory concomitant of 
gout.” From the high incidence of vascular disease (67%) and 
hypertension (54%) in our series we must agree with the opinion 
of the older clinicians. Mathieu, Collesson and Choltus®® recently 
stressed the early development of vascular disease in gout. 

For comparison, we have removed from our series the 3 known 
cases of glomerular nephi’itis in which the vascular disease and 
hjqiertension might be considered secondary to the renal disease 
and assumed that the remainder of the cases had at the beginning 
primary or essential hjiiertension simply occurring in a gouty 
subject, or even before the development of the gout in some cases. 
This showed a much higher incidence of vascular disease, hyper- 
tension and nephritis than in control groups of cases of similar 
ages. Furthermore, the incidence of the clinically manifested 
nephrosclerosis in these cases of gout is considerably greater than 
any control group of essential hjqiertension of similar ages. 

' Although data are not available regarding the percentage of 
clinical nephritis in essential hjqiertension, by the tests of renal 
function used in our cases of gout, the incidence would surely be 
much less than 25%. Fishherg®^ believes that the most important 
criterion that clinically significant renal impairment is present or 
definitely impends in essential hjqiertension is the appearance of 
papilledema and that this occurs in less than 10% of the patients. 
Likeivise, compared to the general population of this age period, the 
frequency of vascular disease and hj-pertension is much higher in 
our series of cases of gout. Although the incidence of arterio- 
sclerosis in the general population is difficult to establish accurately, 
Sydcnstrickcr’s extensive statistical studies" show clinical vascular 
disease in about 20 to 30% of individuals between 40 and 00 years. 
It is easier to determine the incidence of hypertension, and this, 
Alvarez and Stanley®^ found to be 12% in cross-section of the 
population in the same age period as our cases. 



. SCHNITKER, RICHTER: NEPHRITIS IN GOUT 249 

From the standpoint of nephritis alone, regardless of the type, 
everyone will agree that it does not occur in the non-gouty adult 
population in a per cent as high as we have observed in gouty 
patients (31%). Moreover, nephritis does not complicate other 
chronic diseases with any such frequency. For example, in chronic 
arthritis^^ and diabetes mellitus*® nepluritis is said to be of no greater 
frequency than' in any group of normal individuals of the same 
age.* A high incidence has been given in pernicious anemia.^®- 
An impairment of renal function in this disease, however, does not 
necessarily indicate nephritis, since kidney function may improve 
with the subsidence of the severity of the anemia.^® Furthermore, 
the most recent observations^® have shown less than 5% clinical 
nephritis in patients with pernicious anemia, even though it was 
predicted that liver therapy would produce kidney disease.®'^ To 
reiterate, Fishberg states®^ that the complication of chronic arthritis, 
diabetes or pernicious anemia by “nephritis” is accidental. 

In an attempt to explain the high incidence of vascular disease, 
hypertension and nephritis in our eases of gout, we have considered 
several of the more important factors believed to predispose to these 
conditions. Heredity is accepted as the most important, and it is 
the one stressed in most discussions of hypertension and of gout. 
Since only 2 of our cases gave a definite family history of gout, we 
agree with Williamson that the hereditary nature of true gout has 
been overemphasized. Garrod states®® that there is an hereditary 
tendency toward “interstitial” nephritis in gout, but our observa- 
tions do not substantiate this. There was a positive family history 
of vascular disease in 37% of our nepliritis cases and 35% of those 
without nephritis. These figures are essentially the same found in 
control groups.®^- Opposed to this, a family history of vascular 
disease has been reported in 65 to 75% of the cases of primary 
hypertension.®^ 

Alcohol at one time was thought to be®® an important factor in 
the production of vascular disease. Inasmuch as alcohol has always 
been regarded as a companion of gout, and as nearly all of our cases 
were moderate to heavy drinkers, we felt this should be mentioned. 

. It can be dismissed quickly with the statement that there is sufficient 
evidence in the literature that the etiologic significance of alcohol 
in vascular disease seems to have been disproved. Recent stud- 
ies®^'®®'®® have shown that alcohol in either small or large amounts 
plays no substantial part in the cause of arteriosclerosis, nor does it 
cause hypertension.®® As a matter of fact, it has been Leary’s 
observation that, as a class, persons suffering from alcoholism appear 
to show a lesser degree of atheroselerosis than their ages would 
justify.®® 

* Since •wTiting this paper, Joslin (The Treatment of Diabetes Mellitus, Phila- 
delphia, Lea & Febiger, p. 1C4,’1935) has stated that the incidence of chronic vascular 
nephritis is somewhat higher in diabetic than in non-diabetic patients. 
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Obesity and diabetes mellitus are other factors included in most 
treatises on vascular disease and In'pertension. There were no 
instances of diabetes in our series. Obesity, tliough it maj’’ not 
necessarily be a cause of high blood pressure, is a frequent con- 
comitant of essential h;>qjertension.^® In the entire series there was 
■po greater frequency of obesity than one finds in normal individuals 
of this age; however, the patients without nephritis showed slightly 
more obesity than the nephritic cases which had the more vascular 
disease. No one of the other numerous factors usually given in 
consideration of vascular disease and hypertension would account 
for the high incidence of these conditions in our cases. It seems, 
therefore, that we must attribute the unusual amount of vascular 
disease and increased blood pressure to some other factor, possibly 
to the gout itself. 

With the exception of 2 cases of glomerular neplmitis diagnosed 
clinically and another one diagnosed pathologically, the remainder 
of , the cases of nepltritis, as far as we could determine clinically, 
were of the vascular t 3 qje. There was onl.y 1 patient, a case of 
subacute glomerular nephritis, in which we were certain that the 
nephritis antedated the gout (Case 11, Table 1). In another patient 
the glomerular nephritis and nephrotic sjmdrome, which ertdently 
developed jcars after the onset of podagra, was probablj^ unrelated 
to his gout. 

Pathologically, most of the various changes that have been 
described for the kidnej^ in gout are represented by the 4 cases that 
came to necropsj". These were arterial and arteriolar sclerosis, 
with and without uratic deposits in the interstitium, chronic glo- 
merular nephritis with the usual secondary vascular changes in 
the kidne.y and arteriosclerosis of the medium-sized arteries in the 
absence of significant changes in the arterioles. This last condition 
in 1 case was hardl.v more than one would expect in an indirtdual 
of this age; however, clinicallj- there was evidence of at least a 
moderate degree of nephritis. Although it seems necessarj' to 
consider some unknown factor to account for the high incidence of 
vascular disease and nephritis in our cases, it appears evident that 
clinical^" and pathologically the underl.ving lesion in the kidne.y was 
]iredominantl,y vascular. The glomerular nephritis does not seem 
related necessarily to the gout, and its occurrence was probablj'- not 
greater than would be expected in any collection of cases of chronic 
nephritis in the broad sense. 

Summary. In a study of 55 cases of true gout, 17 (31%) Iiad 
clinical nephritis substantiated by commonly used tests for renal 
function. It was of the vascular type in 15 and glomerular in 2. 
One of the latter had the nephrotic s.^mdrome. Five died in uremia. 
Of 4 cases necropsied, 3 had predominantly vascular nephritis and 
1 had glomerular nephritis. The average age of the cases with 
neidiritis was 10 years less than that of the non-ncphritic group. 
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Of the remaining 38 cases without nephritis, 10 had albuminuria; 
in 4 of these it was definitel,y cardiac in origin. In this group renal 
function was very slightly impaired in 1 case and questionably so 
in 3, but not enough for a diagnosis of nephritis. Compared to 
certain control groups, the incidence of hypertension in the 55 cases 
(54%) and of vascular disease (67%) was high. 

Conclusions. 1. An incidence of '31% of chronic nephritis in 
55 cases of true gout is unusually high when compared to other 
chronic diseases, as essential hjqiertension, chronic arthritis, dia- 
betes mellitus and pernicious anemia. 

2. From our clinical and pathologic studies the tjqie of nephritis 
in gout is predominantly vascular, although glomerular nephritis 
does occur, possibly unrelated to the gout. Assuming that in our 
cases the vascular disease was generalized, from some cause which 
we could not determine, it progressed into clinical nephritis at an 
earlier age and in greater frequency than occurs in non-gouty 
subjects with or without hjqiertension. 

3. Vascular disease and hypertension are more frequent in 
patients with gout than in non-gouty individuals of the same age. 
Heredity, alcoholism and obesity appeared to play no part in the 
vascular disease or hjqiertension. 

4. From our study of 38 gouty subjects without nephritis, con- 
trary to the opinion of others, we believe that kidney function is 
rarely significantly impaired in the absence of nephritis. Albu- 
minuria in gout, when unrelated to cardiac failure, is not as common 
as has been believed, 21% in our series, unless nephritis is present. 
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Cornell University Medical College.) 

In the past few years several reports of so-called “lipoid” or “oil 
aspiration” pneumonia have appeared, chiefly in American pediatric 
and pathologic literature. It has previously been pointed out that 
a localized, proliferative and relatively benign tj^pe of pulmonary 
consolidation associated with the aspiration of lipoid material was 
sufficiently distinctive to be recognized as a pathologic entity; only, 
however, since Laughlen’s' observations has the condition been 
diagnosed clinically. As the experimental and clinical studies lead- 
ing to its establishment as an entity ha^■e been adequately discussed 
bv Pinkerton,"- Goodm’n,^ and Ikeda," review of other cases will not 
be included. The following 3 cases, all in children under 2 years of 
age, have been observed within the past < months on the ser\ ice 
of the Children's Clinic of the New York Hospital. 
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Case Reports. Case 1 (N. Y. H. 80963).— E. G., an 11-month-old 
male infant of Polish Hebrew parentage, was admitted to the hospital with 
the complaint of having had “phlegm on the chest” for 10 months and of 
never having developed normally. He had been put into a plaster cast 
vdthin a few days after birth to correct a congenitally dislocated hip; for the 
first 2 months of life, therefore, he was practically immobile. The sequence 
of events during this period is not entirely clear but supposedly the baby 
developed a mild upper respiratory infection by the second week of life and 
from this he did not recover. By the fourth week he had a cough, con- 
stantly drooled large quantities of mucus which collected in the pharynx, 
vomited often and gained weight very slowly. He received either 20 drops 
of viosterol or 2 tablespoonfuls of cod liver oil daily, and, by the second 
month, in. an effort to combat what seemed to be an almost continuous 
respiratory infection, he received albolene nose drops daily. The use of these 
drops was not discontinued until after hospitalization. 

The child’s condition remained relatively stationa^ for 7 months, that 
is, there was a more or Jess constant cough, accompanied by cyanosis during 
severe attacks, and associated with an excess amount of mucus in the tlnroat. 
Vomiting was frequent, often nasal in type, with large amounts of mucus in 
the vomitus. He was subject to severe head colds about twice a month, 
episodes accompanied by fever and a profuse nasal discharge; from these 
he scarcely recovered before another infection supervened. During the 
summer months spent at the seashore he improved slightly and colds were 
less frequent following adenoidectomy in September, 1934. At this time 
the only Roentgen ray which was taken during his 10 months of iUness was 
secured. It has been impossible to locate the film but the parents were told 
that he had “congested lungs” and an enlarged thymus; the child received 
Roentgen ray treatments for the latter condition. The infant had never 
been able to hold his head up or to sit alone. He did not talk. He recog- 
nized his parents and they felt that he also responded to external stimuli, 
such as the radio, but he had never played actively with toys. Dentition 
had been normal. 

Physical examination in the Outpatient Department 10 days before hos- 
pital admission revealed mucus in the upper respiratory passages and in- 
creased tactile fremitus at both bases, but there were no changes in percus- 
sion note or adventitial sounds in the chest. In the 3 days before admission 
he developed a fever, vomited repeatedly, and seemed very weak. He was 
at this time thin, pale and listless, an infant who, despite his 10 months, 
looked no more than 3 months of age. Body measurements confirmed the 
impression of a marked physical underdevelopment. Due to the phi'^sical 
retardation it was difficult to evaluate the mental status. He grasped for 
objects if interested, recognized his parents, responded at times to spoken 
commands. He cried very feebly and made almost no voluntary move- 
ments, the extremities lying flaccidly wherever they were put. On admission 
his temperature was 37.8° C., respirations, 45, and pulse rate, 140. He 
presented the signs of a bilateral acute catarrhal otitis media and mild rhino- 
pharyngitis. The mouth was held open most of the time, an excessive 
amount of saliva running out over the chin and almost completely obscuring 
the ^^ew of the pharynx. The gag reflex was very sluggish. Examination 
of the lungs revealed an impairment of the percussion note on the right, 
anteriorlj’- over the upper lobe, in the axilla and over the interscapular 
region... Breath sounds were very harsh throughout so that a superimposed 
pulmonary infection was postulated. The liver was palpable at the costal 
margin. _ Upon neurologic examination the reflexes were sluggish; marked 
hypotonicity of aU tendons and musculature was present. There was a 
slight enlargement of lymph nodes (posterior cervical axillarj’’ and inguinal). 
There was no clubbing of the fingers and no other abnormalities. The red 




Fig. 1.— Autopsy S035. A median section of the posterior halves of both lungs. 
The lipoid, pneumonia involves the upper and a part of the lower lobe of the right Jung. 

Fig. 2. — Autopsy 7949. A section of the left lung to show the diffuse and nodular 
bronchopneumonia. Note the enlarged peribronchial lymph nodes. ( X 4.) 




Fig. 3. — Autopsy 7950. A section to show tlic cutK/idal epitliclium liniiiK tlio 
alveoli, tlio increase in fihrous connective tissue and flic JarRC numbers of neutrophils. 
(X ISO.) 

Fig. 4. — Autopsy 8171. Frozen seetion stained ivith Sudan III. The black drop- 
lets represent mineral oil. (X 150.) 

Fig. 5. — Autopsv 7919. To illustrate larse foreign Ixidy giant cells containing 
oil droplets. (X .390.) 
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and movements of the extremities and he had never been a “bright baby.” 
Dentition had been normal. His terminal iUness began 3 days before admis- 
sion when he had a fever, refused to eat, had been restless and finally 
developed labored respirations and vomited. 

Upon admission the child was acutely lU, semicomatose, with a fever 
of 41° C., respirations 38, pulse 120. He was extremely well. developed, but 
poorly nourished. Rachitic stigmata were present in the head and chest. 
There was definite evidence both on physical examination and by fluoro- 
scopy of a pneumonic process in the upper lobe of the right lung, but this was 
not verified by any marked area of consolidation in the Roentgen ray films 
taken the next day. He had an acute pharyngitis and a bilateral catarrhal 
otitis media. , The spleen and liver were enlarged and there was a small 
umbilical hernia. Interest was focussed chiefly upon the neurologic findings, 
for, in addition to a tense and bulging anterior fontanelle, he had a markedly 
stiff neck and a positive Brudzinski. AH deep reflexes were hyperactive. 
Babinsld, Oppenheimer, Gordon, Chvostek responses were negative. He 
was subject to intermittent spells of purposeless movements of the upper 
extremities, facial grimacing and twitchings. The arms were often thrown 
out violently with the hands, at times, in typical carpopedal spasms. 
Movements in the lower limbs were much less marked, though definite 
spasms were observed in small muscle groups. The hypertrophy of the 
skeletal muscles in tile limbs gave the child the appearance of a miniature 
professional VTestler, the clinical picture simulating that described recently 
by de Lange.® The head was held, for the most part, sharply turned to the 
right. Positive Brudzinski and Babinski signs were later elicited incon- 
stantly; the neck and labyrinthine reflexes of Magnus and de Kleyne, 
spasticity and clonus in the lower jaw, also being observed. The pharyngeal 
reflex was not very active. Eye grounds were normal. Lumbar tap released 
a clear fluid under no increase of pressure. The child did very poorly, his 
temperature and respiratory rate increasing steadily, and he died 54 hours 
after admission. There were no unusual findings in the laboratory, studies. 

Autopsy (No. 8035). (Dr. Angevine, 35 hours after death.) The subject 
was a well developed male infant that weighed 6500 gm. The findings of 
greatest interest were those in the brain and lungs. 

. There was a thickening of the pia arachnoid, especially in the inter- 
peduncular region. The walls of the internal carotid arteries were slightly 
thickened and there was a moderate degree of internal hydrocephalus. 
The choroid plexus in both lateral ventricles was somewhat atrophic. The 
tlmd ventricle, aqueduct of Sylvius and the fourth ventricle were all slightly 
dilated. The optic thalamus on both sides was atrophic. Sections from the 
brain and spinal cord show a definite thickening of the meninges vdth an 
increase of fibrous connective tissue but few cells, mostly Ijrmphocjdes. 

The lungs were salmon pink in color except over the posterior parts where 
they were congested. The right upper lobe was firm and through the pleura 
several small yellow lobular areas that measured up to 3 mm. were seen. 
The cut surface (Fig. 1) showed almost the entire upper and a small part 
of the lower lobe to be yellow-gray in color; the larger lobular areas were for 
the most part confluent except toward the periphery’- where they were 
circumscribed. A deWte and unmistakable odor of fish oil was readily 
detected. The lymph nodes were slightly enlarged. 

_ Microscopic Description of Lungs. In a section from the upper lobe of the 
right lung stained with hematoxylin-eosin there is a rather diffuse exudate 
composed largely of neutropliils together vith mononuclears and erythro- 
cytes. There is a slight increase in fibrous connective tissue and a few 
large multinucleated giant cells containing clear droplets. The bronchial 
epithelium is hyperplastic in one area. There are numerous large empty 
spaces, preAUouslj'’ occupied bj’’ fat droplets. The alveoli are lined by a 
cuboidal epithelium in several places. In a frozen section many large- 
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droplets take the Sudan III stain. In addition there are manj^ cells contain- 
ing small discrete orange stained droplets in the cytoplasm. In an osmic 
acid preparation there is about an equal amount of black staining material 
varying considerably in size and shape. 

Anatomic Diagnosis . — Lipoid pneumonia of right lung; internal hydro- 
cephalus; hemorrhagic pachymeningitis externa; Zenker’s degeneration of 
skeletal muscle. 

C-\SE‘ 3 (N. y. H. 79114). — A Jewish infant, 19 months of age, had 
developed normally up to the age of 6 months, after which she began dowly 
to degenerate mentally with a pro^essive hyperacusis, lethargj"-, and failure 
to note objects. There was no familial story of degenerative disease, nor had 
the patient preidously been ill. Her course was that of the typical case of 
amanrotic family idiocy, complicated 6 months before death by fever 
attributable to erysipelas, pyelitis, stomatitis and an upper respiratorj' 
infection. The pyelitis and stomatitis cleared rapidly but the skin infection 
was fairly prolonged. During the 10 months of her illness no symptoms of 
pulmonary disease were noted until about 6 months before death. There 
was then an area of dullness to percussion in the intenscapular region, more 
marked on the right than on the left, and not varying markedly between 
examinations. There was also an increase in the intensity of the breath 
sounds in this region with an occasional rfiJe. She ran an irregular fever 
during the last few months of life. A diagnosis of lipoid pneumonia was 
made and confirmed by repeated fluoroscopic examinations. She had been 
^ven 15 cc. of mineral oil and 10 drops of viosterol during most of the 
time she was in the hospital, and there w'as considerable diliicult 5 ’^ in feeding 
her. Commlsive seizures were intermittent for many months before her 
death. 


Autopsy (No. 8171). (Dr. R. J. Parsons; 2 hours after death.) The 
brain was large, heavy and firm; it weighed 1660 gm. 'The convolutions 
were larger than normal. The entire cerebellum, the pons and optic nen'es 
were atrophic and small in comparison to the large hemispheres. The gray 
matter of the basal ganglia and cortex was unusually pale and firm. Sec- 
tions from several areas of the brain and spinal cord are very similar. The 
nerve cells are much enlarged, rounded, vacuolated, and the Nissl substance 
is finely broken up. Material stained with Sudan III shows many large 
phagocytic cells filled with sudanophilic material. 

Both lungs were of normal size. There were many definite chscrete or 
confluent j'ellow nodules over the posterior half of the right lung that 
measured up to 1 cm. They were most conspicuous over the upper lobe 
and toward the liilus. On the cut surface these nodules were rather bright 
yellow in color, firm and slightly elevated above the surrounding normal 
lung tissue. The bronchial Ijunph nodes were enlarged to about twice their 
usual size. 

Microscopic Description of Lungs. In many areas there is a quite definite 
fibrous thickening of the interalveolar septa with obliteration of the alveolar 
structure, hlany alveoli are completely, and others partially, filled with 
large mononuclear phagocytes, the cjdoplasm of which is filled with large 
clear vacuoles. A few neutrophils are seen in the capillaries of the interalveo- 
lar septa and a small number are free in the alvecjlar spaces. A Sudan III 
preparation (Fig. 4) shows abundant sudanopliilic material varjdng from 
small intracellular droplets to large globules and amorphous masses that 
fill entire alveoli. An osmic preparation shows only one small free globule 


that stains black. . , r , r xi 

Other findings were an increase of fat m the Ij-mphoid folhdes of the 
spleen, about the central vein and in the Kupfler cells of the liver. _ 
Bacteriology. Hemolytic staphylococcus aureus, non-hemolytic strep- 
tococcus and Bacillus coli conununis were recovered from the lung. 
A 7 i(ilo)Ji{c Diof^jwsis, Gliosis of brain and spinal cord (rnj-baciis dis- 


case); lipoid pneumonia. 
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Summary. Three cases of lipoid pneumonia in infants under 2 
years of age are described. Two occurred in children with extensive 
pathologic lesions of the central nervous system and one in a debili- 
tated child who was restrained in a plaster cast because of a con- 
genital dislocation of the hip. Clinical diagnoses were made in 
2 instances on the basis of history with the physical findings and 
characteristic roentgenologic picture described by Goodwin.^ In 
2 cases the cause was apparently the administration of mineral oil 
together with viosterol. The other case was due to codliver oil 
.alone. 

The fresh lungs all presented a somewhat similar and characteris- 
tic picture except for the amount of lung involved. They all showed 
yellow-brown, rather firm nodules readily seen through the pleura. 
The right lung and especially the upper lobe was most extensively 
involved -in each instance. The diagnosis was made on the gross 
specimen in all cases and additional confirmatory evidence was 
obtained by the microscopic examination of scrapings from the 
fresh cut surface of the lungs for fat droplets. In 1 instance the sense 
of smell was of great aid. Microscopically the 3 eases showed a 
somewhat similar process, consisting of varying degrees of fibrosis 
and an infiltration into the alveoli of large mononuclear leukocytes 
filled with fat; in addition to this in 2 instances there was acute 
bronchopneumonia. In 2 cases cuboidal epithelium lining the 
alveoli was conspicuous and numerous large multinueleated foreign 
body giant cells containing fat droplets were present. Although the 
diagnosis can be readily made with an hematoxjdin and eosin stain, 
it is highly desirable to make Sudan III and osmic acid preparation 
as an aid in determining the nature of the aspirated fat. 
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THE INTRANASAL APPLICATION OP INSULIN, EXPERIMENTAL 
AND CLINICAL EXPERIENCES.* 

. By Ualph H. AIajor, M.D., 

KANSAS CITY, KANSAS. 

(From the Department of Internal Medicine, University of Kansas School 

of Medicine.) 

Since the discovery of insulin investigators have attempted to 
introduce it into the body by various methods. Woodyatt,^ in 

* This article forms a basis of an address before the American Clinical and Clima- 
tological -Association, Princeton, Ne-w .Terscy, Octoljor 21, 1935. 
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1922, says, “Experiments were conducted with oral, rectal, i-aginal, 
intranasal, intravenous, and subcutaneous administrations. Inunc- 
tions were also tried, hlany variations were attempted in connec- 
tion witli each. Positive effects were obtained with subcutaneous 
and intravenous injections, very weak, doubtful or frankly negative 
- results with the others.” Up to the present time intravenous and 
subcutaneous administrations have been employed to the exclusion 
of all other methods. 

Telfer,- in 1923, reported that insulin could be introduced into 
the blood stream by means of inunction. Harrison, in 1926, 
repeated this work and found that the inunction of insulin was use- 
less even in very large doses. Peskind, Rogoff and Stewart,-* in 
1924, found that insulin when injected per rectum into rabbits was 
absorbed and produced lowering of the blood sugar; in dogs, nega- 
tive results were obtained. Heubner, deJongh and Laquer,® in 
1924, describe the lowering of blood sugar in diabetics b}" inhalation 
of insulin. Fisher,® in 1924, found some absorption of insulin by 
the intestine, vagina and scrotal sac. Giinsslen,'* in 1925, described 
lowering of the blood sugar in diabetics by inhalation of an insulin 
spray. IMiller,® in 1926, reported that insulin given in absolute 
alcohol or 95 per cent alcohol solution in keratinized capsules, low- 
ered the blood sugar of diabetic patients. Stephan,® in 1929, 
described lowering of blood sugar following the administration of 
insulin by mouth. This work was not confirmed by Wahncau and 
Pertram*® or by Bertram, Horwitz and Wahncau.** Bollman and 
Mann, *2 working with intestinal catheters and with ileac loops, 
found that large amounts of insulin might be instilled into the 
duodenum, jejunum, or ileum -without any appreciable effect on 
the blood sugar of normal dogs. Similar results were found with 
administration into the ileac loop. 

A summary of these results bears out the initial statement of 
"Woodyatt that with methods other than subcutaneous or intra- 
venous injection “very weak, doubtful or frankly negative results” 
have been obtained. 

Recently we ha'\'e repeated some of these e-xperiments with 
variations, and in the course of our work, studied the problem of 
intranasal absoriition. We have obtained undoubted evidence of 
the activity of insulin, either when sprayed or when instilled into 
the nostrils in normal rabbits, normal dogs and in diabetic patients 
under certain conditions. 

The preliminary experiments indicated that the instillation or 
insufflation of insulin in the nose produced either frankly negative 
or floubtful results. Wc studied next various solutions which might 
possibly increase absorjition through the raucous membrane. Find- 
ing several solutions whicli apparently had this effect, we chose 
first ethvlenc glycol as a medium. "We have mixed equal quantities 
of ethvlene glycol and insulin, using a highly concentrated solution 
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of insulin containing 1000 units per cc. The solutions employed 
for instillation contained 500 units per cc. With such a solution 
0.1 cc. contains 50 units and 0.2 cc., 100 units of insulin. 

The following are a few tj’iiical protocols on rabbits and dogs: 


Date, 1935. 

Auimal. 

Time. 

Blood sugar, mg. 

Mar. 1.3 

Rabbit No. 1 

8.50 A.M. 

247.0 



8.55 A.M. 

0.2 cc. insulin-ethylene glycol- 
mixture (100 units) intranasally. 



10.28 A.M. 

177.0 



11.47 A.M. 

149.0 

Mar. 15 

Rabbit No. 2 

9.05 A.M. 

105.5 



9.08 A.M. 

0.2 cc. insulin-ethylene glycol 
mixture (100 units) intranasally. 



10.40 A.M. 

62.5 



12.40 A.M. 

55.2 

Mar. 20 

Dog 

9.50 A.M. 

96.0 



9.55 A.M. 

0.4 cc. insulin-ethylene glycol 
mixture (200 units) intranasally. 



10.50 A.M. 

58.8 



11.45 A.M. 

58.3 



12.45 P.M. 

44.2 


The effects of this solution when applied intranasally in diabetic 
patients were next studied. All of the patients studied had been 
under observation in the diabetic clinic for varying periods of time. 
On the day when the test was carried out both breakfast and the 
morning dose of insulin were omitted. In a few instances the 
evening dose before the day of the test was also omitted. The 
results are seen in the following table: 

Case Reports. Case 1.— Female, aged 70, first seen, January 30, 1935, 
with a fasting blood sugar of 233 mg. per 100 cc. At the time of the test 
the patient was on a diet of carbohydrate 150, protein 60, fat 90. InsuUn 
dosage in units, 20 - 5 - 20, a total of 45 units per day. 


Date, 1935. 

Time. 

, Blood sugar, mg. 

Mar. 18 

7.30 A.M. 

150 


8.15 a.m. 

0.2 cc. insulin-ethylene glycol 
mixture (100 units) intranasally. 


9.15 A.M. 

149 


10.15 A.M. 

122 


11.15 A.M. 

83 


12.15 P.M. 

no 

C.ASE 2. — (Same patient as Case 1.) 


Date, 1935. 

Time. 

Blood sugar, mg. 

Mar. 19 

7 . 30 A.M. 

135 


8.15 a.m. 

0.2 cc. insulin-ethylene gtycol 
mixture (100 units) intranasally. 


9 . 15 A.M. 

87 


10.15 A.M. 

94 


10.15 A.M. 

0.2 cc. insulin-ethylene glycol 
mixture (100 units) intranasally. 


11 . 15 A.M. 

69 


11.15 A.M. 

Slight reaction. 


11.30 A.M. 

More marked reaction. 


11.40 A.M; 

Orange juice. 


12.15 P.M. 

115 
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Case 3.— Male, aged 23, first seen, October 30, 1933, -tt-ith a fasting 
blood sugar of 571 mg. per 100 cc. At the time of the test the patient was 
on_a diet of carbohydrate 100, protein 100, fat 150. Insulin dosage in 
units, 11 ~ 0 - 9, a total of 20 units per day. 


Date, 1935. 

Time. 

Blood euear, mg. 

hlar. 21 

8.00 A.M. 

225 


8.50 A.M. 

0.2 cc. insulin-ethylene glycol 
mixture (100 units) intranasally 
(spra3r). 


9 . 50 A.M. 

197 


10.50 A.M. 

172 


11.50 A.M. 

148 


12.00 NOON 

0.2 cc. insulin-ethjdene glycol 
mixture (100 units) intranasally 
(spray). 


1.00 P.M. 

137 


2.00 P.M. 

116 

Mar. 22 

7.00 A.M. 

189 


3.00 P.M. 

242 


Case 4. — Female, aged 24, first seen, March 21, 1935, ndth a fasting 
blood sugar of 256 mg. per 100 cc. The patient had followed no strict 
diet and had taken no insulin regularly before test. 


Date, 1935. Time. 

Mar. 21 8.00 a.m. 

8.50 A.M. 


9.50 A.M. 

10.50 A.M. 

11.50 A.M. 

Mar. 22 7.00 a.m. 


Blood sugar, mg, 

256 

0.2 cc. insulb-ethylene glycol 
mixture (100 units) intranasally 
(spray). 

154 

125 

115 

254 


Case 5. — Female, aged 64, first seen, March 28, 1935, Mth a fasting 
blood .sugar of 217 mg. per 100 cc. At the time of the test the patient was 
on a diet of carbohydrate 75, protein 50, fat 75. Insulin dosage in units, 
10 - 5 - 10, a total of 25 units per day. 


Date, 1935. 

Time. 

Blood sugar, ing. 

Mar. 29 

8. 30 A.M. 

188 ■ 


9.30 A.M. 

180 


9.40 A.M. 

0.2 cc. insulin-etlij’lene glj'Col 
mixture (100 units) intranasally. 


10.30 .A.M. 

144 


11.30 a.m. 

142 

IMar. 20 

7.00 A.M. 

1G7 


Case 6.— Female, aged 47, fimt seen, April 28, 1928, with a fasting blood 
sugar of 323 mg. per 100 cc. At the time of the test the patient was on a 
diet of carbohydrate 50, protein 75, fat 100. Insulin dosage in units, 
25 - 15 - 20, a total of 60 units per day. 

Date. 193.5. Time. 

Mar. 30 12.15 p.m. 

12.20 r.M. 

1 . 15 r.M. 

2.15 r.M. 

3.15 r.M. 


Blood eugar, ing. 

15S 

0.2 cc. insulin-ethylene glycol 
mixture (100 units) intranasally. 
106 

65 

66 
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Case 7.— Male, aged 44, first seen, April 3, 1935, witli a fasting blood 
sugar of 286 mg. per 100 cc. At the time of the test the patient was on a 
diet of carbohydrate 50, protein 100, fat 150. Insulin dosage in units, 
10-0-10, a total of 20 units per day. 


Date, 1935. Time. 

April 3 '10.45 a.m. 

10.50 A.M. 

11.45 A.M. 

12.45 p.M. 
1.45 p.m. 

April 4 7.00 a.m. 


Blood sugar, mg. 

286 

0.2 cc, insulin-ethylene glycol 
mixture (100 units) intranasally. 
112 
67 
73 
132 


We next made observations employing trimethylene glycol instead 
of ethylene glycol. These solutions were prepared so that 0.1 cc. 
of the solution contained 75 units. The pH of the solution employed 
was 2.5. These solutions w^ere apparently more active than those 
made with ethylene glycol. 

Case 8.— Female, aged 75, first seen, October 11, 1934, with a fasting 
blood sugar of 322 mg. per 100 cc. The patient had followed no strict diet 
before the test. InsuUn dosage in units, 14 - 0 - 12, a total of 26 units per 
day. 


Date, 1935. Time. 

June 24 Fasting 


1st hour 
2d hour 
3d hour 


Blood sugar, mg. 

206 

25 units insulin in trimethylene 
glycol (0 . 05 cc.) intranasally. 
157 
146 
132 


Case 9. — Male, aged 34, first seen, June 15, 1935, with a fasting blood 
sugar of 238 mg. per 100 cc. The patient had followed no strict diet and 
had taken no insulin regularly before the test. 


Date, 1935. Time. 

June 24 Fasting 


1st hour 
2d hour 
3d hour 


Blood sugar, mg. 

203 

25 units insulin in trimethjdene 
glycol (0.05 cc.) intranasally. 
222 
198 
189 


Case 10. — Male, aged 54, first seen. May 1, 1935, ivith a fasting blood 
sugar of 335 mg. per 100 cc. At the time of the test the patient was on a 
diet of carbohydrate 150, protein 75, fat 100. Insuhn dosage in units, 
20 - 10 - 20, a total of 50 units per day. 


Date, 1935. Time. 

June 24 Fasting 


1st hour 
2d hour 
3d hour 


Blood sugar, mg. 

310 

25 units insulin in trimethylene 
glycol (0.05 cc.) intranasally. 
224 
165 
158 


Case 11. — Male, aged 66, first seen, June 26, 1935, with a fasting blood 
sugar of 213 mg. per 100 cc. At the time of the test the patient was on a 
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diet of carboliydrate 100, protein 75, fat 50. Insulin dosage in units, 
15 - 10 - 15, a total of 40 units per da}-. ’ 


Date, 1935. 

Time. 

Blood sugar, mg. 

Jub' 14 

Fasting 

240 

25 units insulin in trimetliylene 



glj'col (0.05 cc.) intranasally. 


1st hour 

184 


2d hour 

156 


3d hour 

184 

July 15 

, 7.00 a.m. 

211 


Discussion and Summary. The above tables, which are examples 
of a larger group of similar observations, show that insulin in 
ethylene glj'col and in trimethjdene glj'col when either dropped or 
sprayed into the nasal mucous membrane produces an unquestioned 
and marked fall in blood sugar in normal rabbits, normal dogs, and 
in diabetic patients. The dosage employed by this intranasal 
method is considerably greater than that necessary in subcutaneous 
injection. 

Two impressions that we gain may be of some interest: First, 
in patients who prove later to be mild diabetics, the blood sugar 
falls ^'ery rapidly following intranasal application even when the 
blood sugar lvalues are i^ery high. Our second impression is that 
it is relatively difficult to produce insulin shock. While it is not 
difficult to lower the blood sugar from a high value to a range of 
140 to 160, it is more difficult to lower the blood sugar below this 
level. 

We have treated 15 patients in the hospital over periods of time 
A-arying from 2 weeks to 2 months and have been able to keep them 
relatively sugar free by the intranasal method. Whether this 
method of administration is practical in the treatment of diabetic 
patients further observations alone can determine. The treatment 
may proi'e too ex]Jen.siA-e to be practical and Ave may also discover 
that the A'ariations in absorption in different patients at different 
times are too great to make this method of administration either 
practical or desirable. The fact that insulin under certain conditions 
can be absorbed from mucous membranes may, ]ioAveA''er, be of more 
than academic interest. ObA'iously the insulin molecule is not too 
large to pass through the intact mucous membrane. The action of 
the solutions employed in increasing absorption is not understood 
beyond the statement that they increase permeability. At present 
Avc do not bclicA-e that these obscrA’ations establish either the 
desirability or the reliability of intranasal administration. 'J'hey 
do, however, prove that intranasal absorption is jxjssible. 

AVc iin* under oblipations to Eli Lilly jind Cotnj)!iiiy for the insulin used in these 
observations. 
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THE EFFECT OF GASTRIC JUICE, BILE, TRYPSIN AND 
PANCREATIN ON INSULIN: THE PREVENTION OF 
THE DIGESTION OF INSULIN WITH ALCOHOL. 

By Harry Blotner, M.D., 

ASSOCIATE IN MEDICINE, PETER BENT BRIGHAM HOSPITAL; INSTRUCTOR IN MEDICINE, 
HARVARD MEDICAL SCHOOL, BOSTON, MASS. 

(From the Medical Clinic of the Peter Bent Brigham Hospital, with the approval of 

Dr. H. A. Christian.) 

Various . attempts to make the oral administration of insulin 
effective have been practically unsuccessful. The reasons for these 
failures have been obscure. However, it appears either that insulin 
is destroyed or inactivated by gastro-intestinal enzymes or that the 
intestinal mucosa is impermeable to insulin, possibly because of its 
high molecular weight, which Sjorgen and Svedberg^ found to be 
35,100. 

The purpose of this study was to investigate why the oral admin- 
istration of insulin appears to be ineffective by determining the 
effect of gastric juice, trypsin, pancreatin and bile on insulin and to 
attempt to protect insulin, especially with alcohol, from being di- 
gested by these enzjnnes. This paper reports the results obtained 
in 116 experiments. 

That insulin is destroyed by pancreatic juice was determined by 
Banting and Best.^ This observation was confirmed by Scott^ and 
by Dudley,** who showed, in addition to the inactivation of insulin 
by trypsin, that pepsin produced the same destructive effect. That 
the intestinal mucosa is impervious to insulin was suggested by the 
work of Bollman and Mann.® 
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Nevertheless there have been some studies ■which suggested that 
insulin may be protected by various substances and absorbed from 
the alimentary tract. Fisher and Noble® were able to recover 
insulin from the urine, when administered by mouth. Winter,’ 
Miller® and Harrison® gave insulin in -alcohol orally and caused a 
reduction in the blood sugar. However, Blathervnck, hlaxwell 
and Long^° could not confirm these results. Mm-lin and Hawley” 
obtained considerable absorption of insulin protected by blood 
serum when gNen by stomach tube to depancreatized dogs. Lasch 
and Brugeh® caused a decrease in blood sugar in man and in 
animals giving insulinnn saponin and normal saline. Hamburger’® 
found that insulin dissolved in Ringer’s solution is absorbed from the 
frog’s intestine. Walton and Bassett’^ introduced insulin diluted 
■with saline into the intestines of normal dogs ■v\ath Thierry loops and 
produced typical h^’^poglycemia. Hamed and Nash’® described a 
preparation of antitrj’’psin which, when added to insulin and intro- 
duced into the duodenum, resulted in a considerable drop in the 
blood sugar. Fisher and Scott’® observed no marked decrease in the 
physiologic acti'\nty of insulin after incubation at 37° C. with pepsin 
at pH 4. Jensen and Evans” suggested that the inactivation of 
insulin is connected in some way ■v\nth hydrolysis of the protein. 

Material. The gastric juice which was used was obtained by aspirating 
the fasting or non-fasting contents from patients 'with peptic ulcer, car- 
cinoma of the stomach, carcinoma of the esophagus, gastric neurosis, per- 
nicious anemia, secondary anemia, awtaminosis, cardiac decompensation, 
chronic nephritis ■with uremia, diabetes mellitus, gall stones, hypertension, 
hj’perthyroidism, syphilis and normal indi'vdduals. Commercial trj'psin 
and pancreatin were used. Bile was obtained from patients during opera- 
tion. Ordinarilj^ Lilly’s U-20 insulin was employed. The rabbits used in 
the tests weighed about 5 pounds. 

Plan of Invesligalion. The method consisted in mi.xing from 1 to 10 cc. 
(usuallj' 10 cc.) of gastric juice ■nith 20 units of insulin and incubating for 
1 hour at 37° C. In some experiments the mixtures were incubated for as 
short a period as 5 minutes. Tlie amount of free and total acid in the gastric 
juice was determined in each specimen. The free acid varied from 0 to SO, 
and since the amount of acid appeared to have no relation to the results, 
the indmdual figures for the acid ■null not be given, ^^^len pancreatin and 
try})sin were tested about 5 gm. of each was mixed ■\wth water, and the same 
procedure followed as with gastric juice. 

The mixtures were injected intramuscularly into rabbits, and blood 
samples ivere obtained from the ear veins before the injection and aftenvard 
in 1, 1. 2, 3 or more hours. The blood sugar* was determined according to 
the micro method of Folin.'* 

The method of insulin extraction was as follows: Eight parts of 95% 
alcohol were added to 1 part of the insulin-gastric juice mixture, thoroughly 
mixed and centrifuged. Since 10 cc. of gastric juice were mixed usually 
with ] cc. of U-20 insulin, it required SS cc. of 95% alcohol for the extraction 
of insulin. Tlie suj'Kjmatant fluid was removed and evaporated do^ to 
1 or 2 cc. or to dr 3 'ne.ss in vacuo at a temperature of not more than 37° C. 
This was made up vith distilled water to a volume of 10 cc. and injected 
into rabbits. 

* Miss Ilonor.i F. C.arroll cave tet-linipn! tissist-anrc. 
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Effect of Gastric Juice on Insulin. The effect of gastric juice on 
insulin was studied first. A typical example of the results of the 
blood sugar determinations obtained in the rabbits after the injec- 
tion of the insulin-gastric juice mixture is given in Chart 1. The 
results were all much alike. After the injection there was no drop in 
the blood sugar level such as is seen when 20 units of insulin alone 
are injected. Instead, there was usually a rise in the blood sugar 
of 5 to 25 mg. usually in | or 1 hour after the injection and then a 
drop to near the original blood sugar level during the 3 or 4-hour 
period of observation. 



Chart 1. — Comparison of blood sugar curves .obtained in a rabbit A, after the 
injection of 20 units of insulin incubated with gastric juice, and B, after the injection 
of 20 units of insulin in one leg and gastric juice in the other. 


From these experiments it appeared that insulin was digested or 
inactivated by the gastric juice, even in the experiments where the 
insulin and gastric juice were incubated for as short a period as 5 
minutes. In order to determine whether the insulin was simply 
inactivated, an effort was made to extract insulin from the incubated 
insulin-gastric juice mixture according to the method described. 

The extract was injected and the blood sugar curves were observed 
for a period of 3 or 4 hours. The results obtained were much the 
same as those obtained following the injection of the incubated 
insulin-gastric juice mixture. This suggested that the insulin was 
digested, completely destroyed and could not be recovered. 

Prevention of Insulin Digestion hy Gastric Juice. The next step 
in this investigation consisted in trying to prevent insulin from 
being digested by gastric juice. At first an attempt was made to 
confirm the reported protective ability of blood serum, saline, 
Ringer’s solution and saponin on insulin. Varjdng amounts of these 
substances were added to 20 units of insulin and incubated at 37° C. 
for 15 to 30 minutes. Then 10 cc. of gastric juice were added to 
each specimen, incubated for 1 hour and injected into rabbits. The 
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blood sugar curves showed no drop in the blood sugar level during 
the periods of observation. The results indicated quite clearlj'’ that 
blood serum, saline, Ringer’s solution and saponin did not prevent 
gastric juice from destroj’ing insulin. 

It then seemed logical to try to -protect insulin from digestion by 
dissolving or combining it with some chemical which is readily 
absorbed from the gastro-intestinal tract. Since insulin in alcoholic 
solution administered by mouth has been reported to cause a reduc- 
tion in the blood sugar, alcohol was selected for this purpose. These 
experiments were conducted by dmding specimens of gastric juice 
into two equal parts of usually 10 cc. To one part, 20 units of 
insulin were added and incubated for 1 hour. This was injected 
into a rabbit, and the blood sugar curve was observed for 3 hours 
to serve as a control test. Then 20 units of insulin were dissoh'ed 
in 10 cc. of 95% alcohol and incubated for 5 to 10 minutes. To this 
the second part of gastric juice was added and incubated for 1 hour. 
Since alcohol is irritating when injected, the insulin was extracted 
in the usual manner. This extract was injected, and the resultant 
blood sugar curves were determined. 



Chart 2. — Characteristic blood suRar curves obtained, in a rabbit A, after the 
injection of an extract of 20 units of insulin dissolved in alcohol and incubated u-ith 
pastric juice, B, after the injection of 20 units of insulin incubated with pasiric juice, 
and C, after the injection of 20 units of insulin. 


The results obtained were very striking and interesting, dn the 
control tests the blood siigtir concentration varied very little after 
the injection of the insulin-gastric juice mi.vture. However, the 
blood sugar curves following the injection of the c.xtract from the 
mixture in which the insulin was protected with alcohol were quite 
dilferciit. A typical illustration of tiie results obtained is given in 
Chart 2. There was a marked reduction in the blood sugar level 
and the rabbits had convulsions usually in 2 hours and occasionally 
in 1 or 3 hours after the injection. The resultant blood sugar curves 
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were similar to those obtained when 20 units of insulin were injected. 
These results suggested that alcohol protected insulin from digestion 
by gastric juice, or that alcohol destroj^d the enzymes in the gastric 
juice, thus preventing the digestion of insulin. 

The experiments were repeated in an endea^mr to protect insulin 
with varying quantities and concentrations of alcohol. TJie results 
obtained with as little as 5 cc. of 95% alcohol or 10 cc. of 48% alcohol 
were much the same as when 10 cc. of 95% alcohol were employed. 
However, when smaller amounts or concentrations of alcohol were 
used there was usually only a slight drop in the blood sugar level. 

It was then ascertained whether alcohol destroyed the enzymes 
in the gastric juice. This was accomplished by mixing 10 cc. of 95 % 
alcohol with 10 cc. of gastric juice and incubating for 1 hour. The 
alcohol was evaporated off in vacuo, and 20 units of insulin were 
added. This was incubated for 1 hour and injected. 



Chart 3. —Relative blood sugar curves obtained in a rabbit A, following the injec- 
tion of 20 units of insulin incubated with gastric juice to which alcohol was added and 
evaporated off, and B, after the injection of 20 units of insulin. 


The findings were all much the same as those noted when the 
alcohol was added first to the insulin. An illustration of the blood 
sugar curves obtained in the rabbits after the mjection of this 
mixture is shown in Chart 3. These results suggested that alcohol 
destroyed the enzymes in the gastric juice and thus prevented the 
destruction of insulin. 

It seemed important to learn whether alcohol entered into any 
chemical combination with insulin and thus prevented it from being 
digested. To study this aspect of the problem the ' experiments 
were repeated by adding 10 cc. of 95% alcohol to 20 units of insulin. 
This was incubated for 1 hour and evaporated to dryness in vacuo. 
Then 10 cc. of gastric juice were added and inculcated for 1 hour. 
This was injected, and the blood sugar level was observed over a 
period of 3 to 5 hours. 

The blood sugar curves obtained in these tests were not remark- 
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able. There was only a slight maximum reduction of 10 to 33 mg. 
in the blood sugar concentration in 2 or 3 hours after the injection, 
and in some experiments there was no decrease in the blood sugar. 
A typical example of the results is shown in Chart 4. Apparently 
insulin and alcohol did not enter into any combination to protect 
it from digestion after the evaporation of the alcohol. 

The results in general suggested that alcohol protects insulin 
chiefly by inactivating the peptic enzymes and thereby preventing 
the gastric juice from destroying insulin. 



Chart 4. — Blood sugar curves obtained in a rabbit A, after the injection of gastric 
juice incubated Rdth 20 units of insulin -which -was dissolved in alcohol and evapor- 
ated to almost dryness, and B, after the injection of 20 units of insulin. 

Effect of Trypsin, Pancreaiin and Bile on Insulin. The effect of 
intestinal enzjTnes on insulin, with and vdthout alcohol, was inves- 
tigated. A small amount of powdered trypsin was mixed vdth 20 cc. 
water and divided into two parts. To one part 20 units of insulin 
were added and incubated for about 40 minutes, and then injected. 
To the second part 20 units of insulin dissolved in 10 cc. of 95% 
alcohol were added and incubated for about 40 minutes. The insulin 
was extracted and injected, and the blood sugar levels were deter- 
mined over a period of 3 hours. After the injection of the first part 
into rabbits there was very slight variation in the blood sugar level. 
In contrast, after the injection of the second part, there was a sharp 
drop in the blood sugar level. Typical illustrations of the results 
are shown in Chart 5. These results suggested that trypsin, like 
gastric juice, destroyed insulin, and this digestion was prevented 
when the insulin was dissolved in alcohol. 

The same type of experiments were made using pancreatin instead 
of tr^-psin. Similar findings were noted and typical examples are 
shown in Chart 6. 

The effect of bile on insulin was tested by adding 20 units of 
insulin to 10 cc. of bile and incubating for 1 hour. This was injected 
and the resultant blood sugar curves were compared with those 
observed when bile alone was employed. The bile Avas obtained at 
operation on patients who had gall bladder disease. In 2 cases the 
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bile was taken from the gall bladder and in 1 case from the gall- 
bladder and common duct simultaneously. The results obtained 
were variable as shown in Chart 7. For example, in 1 case, after 
the injection of the insulin-bile mixture, there was a maximum de- 



Chart 5. — Comparative blood sugar curves obtained in a rabbit A, after the injec- 
tion of 20 units of insulin incubated with trypsin, and B, after the injection of an 
extract of 20 units of insulin dissolved in alcohol and incubated with trypsin. 


crease of only 40 mg. in the blood sugar level, whereas in another 
case, there was a marked drop in the blood sugar level and the rabbit 
became convulsed within 3 hours. When bile was injected there 
was no significant change in the blood sugar concentration. These 
results suggested that bile is probably not a very significant factor 



Chart 6. — Blood sugar curves obtained in a rabbit A, after the injection of 20 
units of insulin incubated with pancreatin, and B, after the injection of an extract of 
20 units of insulin dissolved in alcohol and incubated with pancreatin. 


in the inaetivation of insulin. Nevertheless, it may be to some 
extent an inhibitory faetor in certain cases with gall bladder disease. 

The Oral Administraiion of Inszdin in Alcohol. As the result of 
the previous experiments, it was reasonable to conclude that insulin 
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dissolved in a sufficient amount of alcohol with a proper concentra- 
tion was not destroyed by gastric juice, trypsin or pancreatin. An 
attempt was made to determine whether or not this fact can be made 
of clinical value in the treatment of diabetes mellitus. Seven dia- 
betic patients and three rabbits were given orally 40 to 200 units 
of insulin in 30 to 60 cc. of 48% alcohol to study this phase of the 
problem. 



Chart 7. — Relative blood sucar curves obtained in a rabbit after the injections of 
A, 20 units of insulin incubated with bile from the Rail bladder of a patient, S and 
C, 20 Jinits of insulin incubated with bile obtained from the Rail bladder and common 
duct rosi>ectively of .another patient, and D, bile. 


The blood sugar concentration was detennined fasting and at 
hourly intervals for G hours after the intake of the alcoholized 
insulin. These blood sugar curves were compared with those ob- 
tained when alcohol alone was ingested. The results were dis- 
appointing. In the patients with diabetes after the ingestion of the 
alcoholized insulin there were maximum reductions of 46 to 129 mg. 
during the ])criods of observation. Nevertheless, these results were 
not significant because the maximum decreases observed in the 
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corresponding control tests were practically identical. In the rabbits 
there was also no important variation in blood sugar level following 
the intake ol the alcoholized insulin. In 1 patient with diabetes 
100 units of insulin in 30 ce. of 95% alcohol was introduced into the 
duodenum with a stomach tube and under the fluoroscope. The 
resultant blood sugar curve was insignificant. 

The cause of these failures was investigated by administering 
orally 100 units of insulin dissolved in 30 cc. of 95% alcohol to 7 
patients. The gastric contents were aspirated in § to 1 hour, and an 
attempt was made to extract insulin. The extracts were injected into 
rabbits, and the resultant blood sugar curves were determined. 
From the results obtained it appeared that a large amount of insulin 
was recovered in 1 case, small amounts in 3 cases and no insulin in 
3 cases. In the last 3 cases it was difiicult to tell whether the insulin 
had been digested in the stomach or whether the insulin had passed 
out of . the stomach into the intestine and eould not be aspirated. 
However, in 4 cases at least it could be demonstrated that the insulin 
in alcohol was not digested entirely in the stomach in | or 1 hour’s 
time. 

It appears from this work that insulin in alcohol, administered 
orally, has no significant effect on the blood sugar due to the lack 
of absorption from the gastro-intestinal tract. On the other hand, 
it is possible that the alcohol becomes absorbed and allows the 
insulin to be destroyed by the enzymes. 

Summary. This paper presents a study on the effect of gastric 
juice, trypsin, pancreatin and bile on insulin and the protection of 
insulin with alcohol from digestion in 116 experiments. 

The results suggest that these enzymes, except bile, digest and 
render insuljp inactive in vitro. This effect does not occur when 
insulin is dissolved in alcohol. The protection thus afforded is 
probably caused by the destruction of the digestive enzymes by 
alcohol and not that insulin enters into any special combination 
with alcohol. 

Insulin in alcohol administered by mouth has no significant effect 
on the blood sugar level. This is probably due to the lack of absorp- 
tion of insulin from the gastro-intestinal tract although it is possible 
that the alcohol becomes absorbed and allows the insulin to be 
destroyed by the enzymes in vivo. 
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THE ADVANTAGES OF VACUIM DEIED COMPLEMENT FOR 
USE IN THE ROUTINE WASSERMANN REACTION. 

By Fred Boerner, V.M.D., 

AND 

Marguerite Lukens, A.B., 

PHIIiADELPHIA, PA. 

O 

(From the Laboratories of the Graduate Hospital and the Department of Bactenologj' 
School of Medicine, University of Pennsylvania.) 

Flosdorf and Mudd^ have recently described a vacuum appara- 
tus for dehydrating serum from the frozen state. The tenn “lyo- 
phile” has been applied to the dehydrated product. Eagle, Strauss 
and Steiner- have pointed out the advantage of lyophile complement 
as compared with other methods of preserving complement. They 
ran Wassermann tests with 3477 sera and spinal fluids and obtained 
results using lyophile complement which were indistinguishable 
from complement freshly bled and salted for use within a 3 to 4-day 
period. 

Through the cooperation of Dr. Harry Eagle we have obtained 
sufficient lyophile complement to permit us to use it e.xclusively in 
our routine "Wassermann tests. It has been supplied in lots of from 
100 to 300 cc., distributed in small vials containing from 8 to 12 cc. 
eacli. They were kept at S to 10° C., and were sealed before removal 
from the lyophile apparatus so that the dr\' complement was kept in 
vacuum. When needed for use, distilled water was added in amounts 
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equal to the original amount of complement. As nothing but water 
was removed from the complement during the dehydration process, 
only water was replaced. Upon the addition of the water, the dry 
porous material rapidly dissolved and the solution resembled fresh 
complement as far as could be determined. A vial from each lot was 
tested for hemolytic activity before it was accepted for routine use. 

We have used this lyophile complement in our routine Wasser- 
mann tests for over a year ^nd a half. During this period Wasser- 
mann tests were conducted 3 times a' week. Tests were performed 
upon 12,175 sera and 675 spinal fluids. Fourteen lots of complement 
have been used and over 250 vials have been titrated and used in 
these tests. Not once has the lyophile complement proven unsatis- 
factory, or the cause of any irregularity in the tests. The advantage 
of having satisfactory complement ready for use at any time is 
obvious. The uniformity in the potency of lyophile complement 
can be attributed to the fact that the sera of a larger number of 
guinea pigs can be pooled than is ordinarily the case. 

Siahility of Lyophile Complement. Eagle, Strauss and Steiner 
have shown that lyophile complement retains its hemolytic activity 
for at least 8 months. This was the longest period tested. For 
the purpose of studying the stability, we set aside a vial or two from 
each lot of lyophile complement when received. These vials were 
tested at intervals to represent complement of various ages. One 
hemolysin was used in this series of tests which was designated as 
Hemolysin B. It was about 2 years old when the tests were started 
and its titer was fairly stationary. At intervals its titer was deter- 
mined with fresh complement. Table 1 shows the hemolytic activ- 
ity of lyophile complement of various ages, and also the result of 
the complement titration which was done at the same time using 
two units of hemolysin. 

A study of Table 1 shows that all lots of lyophile complement 
ranging in age from 1 to 52 weeks inclusive had satisfactory hemo- 
lytic activity when compared with fresh complement. It appears 
from these tests that there was no loss of aetivity up to and ineluding 
52 weeks. The five lots which were over 52 weeks of age (55, 56, 58, 
59 and 60 weeks), all showed some loss of hemolytic activity. Three 
of the five showed suflicient activity to give satisfactory complement 
titrations with two units of hemolysin. Confirming these results, 
obtained in actual practice. Eagle (personal communication) has 
found that the dehydrated complement generally begins to show 
demonstrable deterioration after 12 months storage in the refrigera- 
tor. It is quite possible that with technical improvements in the 
lyophile process, longer periods of perservation may be achieved. 

Fixability of Lyophile Complement. It was thought ad\'isable 
to determine whether lyophile complement of at least a year old 
was as readily fixed as fresh complement in the Wassermann reaction. 
For this purpose several positive sera were tested at the same time 
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Inconiplolo hemolysis in I to 5,000 dilution with colls -1, 7 nnd 11 dnys bid. 
Incoinpleto hoinoly.sis in 1 to 1,000 dilution. 

I're.sh complement. 
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with lyophile complement 56 weeks old and fresh complement. 
The complement used was lot 13 which,- as shown in Table 1 had 
lost some of its hemolytic activity but still gave a satisfactory com- 
plement unit when tested with two units of amboceptor. The results 
obtained indicate that the lyophile complement was just as readily 
fixed as fresh complement. 


Table 2. — A Compakison op the Fixability of Fhesh and 56 Weeks Old 

Lyophile Complement. 


Amount i 

Serum 

No. 1. ! 

1 

Serum No. 2. j 

Serum No. 3. 

i 

1 

Serum No. 4. | 

Serum No. 5. 

of 1 
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Fresh 

1 

Lyo 1 
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4 

1 
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4 

4 

0.05 cc. ! 

3 

3 

2 

2 

1 “ 

— 

— 

1 

3 

2 
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! 

— 

— 


— 

1 

— 

— 


— 



Additional evidence of the fixability of lyophile complement is 
shown in the results of a studj’^ of 646 sera from known syphilitics 
in which the Wassermann test using lyophile complement was com- 
pared with the Kahn and Eagle flocculation tests. The Wassermann 
test in this series proved to be as sensitive as the Kahn test. A 
complete report of these tests will be published elsewhere.® 

Conclusions. Complement dehydrated from the frozen state and 
sealed in vacuo (“lyophile” complement), when stored in the refrig- 
erator at 8 ° to 10 ° C. retained its full hemolytic activity and fixability 
for a period of 12 months. Both the complement and hemolysin 
titrations remained approximately constant over this entire period. 
Thereafter deterioration was detected. This complement has been 
used in 12,175 blood and 675 spinal fluid Wassermann tests and 
has proved in all respects equivalent to fresh complement. We 
have discontinued our guinea pig colony because of the greater 
convenience and uniformity of this type of complement. 
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BOOK REHEAVS AND ROTICBS. 


Twentieth Century Psychiatry. Its Contribution to Man’s Knowl- 
. edge of Himself. By William A. White, M.D., M.A., Sc.D. Pp. 198. 

New York; W. W. Norton & Co., Inc., 1936. Price, S2.00. 

This volume is one of the series based on the Salmon Memorial Lectures. 
It is concerned with psychiatry as a medical specialty, the social signifi- 
cance of psychiatry and the general implications of psychiatric thought. 
Of this period was ICraepeh'n, whose outstanding achievements were in the 
dementia prcecox and manic depressive psychoses. At about the same time 
Binet and Simon did their research in feeble-mindedness and developed 
their intelligence scale. Freud, elaborating upon the studies of Janet, 
gave us psychoanalytic psychology. ‘America’s contribution was mental 
hygiene, with which movement Salmon was so intimately identified, and 
which now lays claim to branches in all civilized countries. 

In the discussion the increasing number of psychiatric patients, the 
movement to keep them at home as long as possible is heartily approved. 
For many centuries this method has been in operation in Gheel, Belgium, 
but the author does not mention its recent employment in Massachusetts 
and Neiv York. 

This thesis shows a compromise between a technical and a popular render- 
ing, giring consideration to aphasia, crime trials nith their absurd hypo- 
thetical questions, "gestalt” psychology, heredity, sterilization and diverse 
other subjects. ‘ N, Y. 


Dent.al Infection and Stste.mic Disease. By Russell L. Haden, 
hI.A., M.D., Chief of the hledical Division, Cleveland Clinic, etc. With 
a Foreword fay Dr. Edward C. Rosenow, Pp. 163; 63 illustrations. 
Second edition, reidsed. Philadelphia: Lea & Febiger, 1936. Price, 
.$2.50. 

An accurate and conrincing presentation of an important subject. There 
are discussed the bacteriology' of dental infection, with a most interesting 
correlation of culture findings with radiographic and clinical e.vaminations 
of pulpless teeth; the pathogenicity of the organisms found in dental infec- 
tion; the ty'pes of diseases which may arise from dental focal infection; the 
experimental proof for the relation of infected teeth to such metastatic 
disease. The book is warmly recommended both to physicians and dentists. 

R. K. 


ilN Index of Differential Diagnosis of Main Symptoms. By various 
vTiters. Edited by Herbert FRENai, C.Y.O., C.B.E., M.A., M.D., 
(O.xoN.), F.R.C.P., (Lond.), Consulting Physician to Guy’s Hospital; 
late Phy,sician to H. M. Household. Pp. 114,5; 742 illustration.? (196 in 
colors). " Fifth edition. Baltimore: William Wood A Co., 1936. Price, 
$16.00. 

New diagnostic tests arc dcA-ised from time to time; many of these do 
not survive, but a few prove themselves to be of permanent worth— the 
A=chheim-Zondek test for pregnancy, for cxamjdc; the tcehnicjuc of estab- 
lished methods improves— pyelography, for instance, and methods of c.vam- 
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ining the gall bladder and the Fallopian tubes have made great strides in 
the last few years; rare diseases such. as tularemia, botulism, psittacosis, 
pink disease, become less unfamiliar; the result being that, although the 
main factors in differential diagnosis are pennanent, this work has to ,be 
re-edited from time to time. 

Many tests have been omitted purposely, on the ground that, as labora- 
tory methods, their bed-rock reliability has not yet been established; but 
it is hoped that all those on which reliance can be placed have been included. 

The original purpose of the work remains unchanged; it is intended to be 
a help in arriving at a correct diagnosis in cases in wliich one or more symp- 
toms are pronounced and yet the real nature of the malady is not imme- 
diately clear. It would seem that the book serves a useful purpose for it 
has already reached its 53rd thousand. (From the Preface to the fifth 
edition.) 


American Martyrs to Science Through the Roentgen Rays. With a 
Short Glossary of the Scientific Terms Used in the Text. By Percy 
Brovtst, M.D., F.A.C.P., F.A.C.R., Historian and Former President, 
American Roentgen Ray Society. Pp. 276; 55 illustrations. Spring- 
field, 111.; Charles C Thomas, 1936. Price, S3.50. 

This record of the lives of 28 American martyrs to the infant science of 
Roentgenology is indeed a labor of love by one who was the “dear friend” 
of most of them and himself has not come unscathed through his service 
to the cause. “Martyrs” also in the et 3 Tnological sense of vdtnesses to the 
truths of the discipline to which their lives were sacrificed, these men (and 
one woman) without exception continued in the path of duty, unflinchingly 
and heroically, even when in most cases some of the perils of continued 
activity were appreciated and all possible efforts to meet these perils were 
made. It is good to have on record an accurate contemporaiy account of 
such men’s lives, of which already some of the details were fading from \aew; 
it is still better to know that the list of sacrifices to this particular risk 
from now on wffl not be greatly increased; but perhaps best of all is to have 
before us the stimulating example of these unassuming heroes in their careers 
of unswerving devotion. E. K. 


Insulin. Its Production, Purification and Physiological Action. By 
Douglas W. Hill, B.Sc. (Bris.), Ph.D. (Liv.), Lecturer in Chemistry, 
University College, Exeter; Special Lecturer in Organic Chemistry, 
University of Bristol, and Frederick 0. Howitt, M.Sg., Ph.D. (Lond.), 
F.I.C. Foreword bj'’ Professor E. C. Dodds. Pp. 219; 6 pliotomicro- 
graphs and 7 tables. London; Hutchinson & Co., Ltd., 1935. Price, 
12 / 6 . 

This monograph, for its size, covers the vast amount of literature on 
insulin in a surprisingly complete manner. In addition to author and 
subject index there are 9 chapters which not only deal vdth insulin but 
treat lifieflj’’ the subjects of carbohydrate metabolism, methods for the 
([uantitative determination of glucose, and insulin substitutes. A bibliog- 
raphj" at the end of each chapter includes a total of o^^er 1500 references. 
As the literature is so great, the authors have omitted any discussion of the 
clinical use of insulin. The relation of the pancreas to the other glands of 
internal secretion has been discussed but briefljL Anj^one interested in the 
scientific development, and plysiologic action of insulin vdll find this book 
most interesting and instructive. J. J. 
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C.Ws’CER Commission Committee Studies.' The California Medical Asso- 
ciation. (Tlie Results of a Five-year Correlated Studyby 150 Members 
of the Medical Profession.) Pp. 123. San Francisco: J. TV. Stacey, 
Inc., 1936. Price, 75c. 

This booklet reproduces material published in California and Western 
Medicine by the Cancer Commission created by the California State 
Medical Society in 1931 . It includes concise statements from 13 committees 
mostly dealing -with tumors of various parts of the body. UTile the several 
reports necessarily vary considerably in form and merit, they can be said 
to give, in general, clear statements of the kinds of tumors met and their 
manifestations, -with sound advice as to treatment. To a pathologist, the 
pathologic aspects seem scantily treated even in such a practical compila- 
tion; for instance, no statements were found about such an important 
rnatter as the biopsy and the evaluation of malignancy. Representing the 
views of over 150 practitioners, however, this work epitomizes in convenient 
form a valuable cross sectional modem view of cancer. E. K. 


A Guide to Psychiatric Nursing. By F. A. Carmichael, M.D., Super- 
intendent, Osaivatomie Hospital, Osawatomie, Kansas; Lecturer in 
Clinical Psychiatrj', University of Kansas Medical School, Kansas City, 
and John Chapman, M.A., M.D., Sometime Associate in Psycliiatry, 
Osawatomie State Hospital, Osawatomie, Kansas. Pp. 175; 31 illustra- 
tions. Second edition, thoroughly re\dsed. Philadelphia; Lea & 
Febiger, 1936. Price, S2.25. 

This is a small book organized for a course in psychiatric nursing and is 
somewhat comprehensive although concise. Having been written primarily 
for a State Hospital it is essentially clinical and practical. 

One chapter deals entirel 3 ' with the sjTnptomatologj'- of mental disease 
and its relation to care and treatment from the nursing standpoint. A 
good rdsumd on the histerj'- of psj'^clnatiy is given; a chapter on psycho- 
pathologj' is quite comprehensive and fairly liberal in its presentation. 

Chapters on etiology and a description of the psychoses follow a clinical 
pattern. Although the practical application of nursing principles and tech- 
nique are stressed the VTiters are physicians rather than nurses and the 
emphasis lies on thcorj' as well as practice. 

As a textbook for nurses in general training it might be too profound. 
For nurses taking postgraduate psj^chiatric work it would probably be more 
suitable. 

In the appendix one of the authors submits a modification regarding the 
classification of mental disease on the basis of the description of the activitj' 
of the patient rather than the emotional state. Tliis is out of place in the 
book and although interesting would not be agreeablj’- received in many 
ps}'chiatrj’ circles. L. S. 

Basal Metabolism in Health and Disk.vse. By Eugene F. Du Bois, 
M.D., iSIedical Director, Russel! Sage Institute of Pathologj'; Professor 
of Medicine, Cornell University Medical College, New York; Physician 
in Chief to the New York Hospital. Pp. 494; 99 illustrations and 67 
t.able.s. Third edition, thoroughly rc^•iEed. Philadelphia; Lea & 
Febiger, 1936. Price, ?5.00. 

"The subject of basal metabolism has during the last few j’ears become 
of considerable importance to the practitioner of medicine. :Most of the 
literature which deals with it, however, is written primarily for research 
workers or phvsiologists. The writer has, therefore, attempted to bring 
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basal metabolism out of the realm of pure physiology into the domain of 
clinical medicine. This book is written for those engaged in the practice 
of medicine and surgery, for medical students, for physiologists and for 
dietitians. Wliile it has not seemed necessary to give the details of 'the 
many instruments used for measuring the basal metabolism, the underlying 
principles of technique have been fidly discifssed. 

“The chapters dealing with surface area and nomaal standards have 
been rewritten and rearranged in the light of the contributions of the last 
two years and the chapters on disease have received many additional refer- 
ences. 

“The advance in the study of basal metabolism is not unlike the settle- 
ment of a new colony in a distant land. When the first edition of this book 
was wi’itten in 1924 most of the pioneers, Rubner, Zuntz, von MiiUer, 
Magnus-Levy, Benedict and Lusk were still active in the field. The frontier 
was expanding. At the time of the second edition in 1927 there had been 
a great stabilization but there was still much unexplored territory and not a 
few outposts in dangerous or sterile regions that have since been abandoned. 
The third edition comes in a period of well established settlements and 
relatively little exploration into new country. One important field dealing 
with physical channels of heat loss is, however, yielding much information 
and it has been a pleasure to add a new chapter on this subject.” (From 
Author’s Preface.) 


Genetics. By H. S. Jennings, Henry Walters Professor of Zoology and 

Director of the Zoological Laboratory in the Johns Hopkins University. 

Pp. 373; 70 illustrations. New York: W. W. Norton & Co., Inc., 1935. 

Price, $4.00. 

The resemblances and differences among organisms depend upon two 
main factors. First, upon the material received from their parents, and 
second, upon conditions to which this material has been subjected. It is 
vdth the first of these factors, heredity (or, more broadly, genetics) that 
this books deals. The author has aimed to present his subject in such a 
manner that any educated person may understand it. Hence this work may 
be read with profit not only by the physician but by the ever increasing 
group of laymen whose intellectual curiosity has been stimulated by the 
great discoveries made in the field of genetics. Among the subjects discussed 
are the materials of heredity and their operation, the germ cells and the 
chromosomes, the genes and their relation to characteristics, the rules and 
ratios of inheritance, the relation of characteristics to environment, the 
interaction of environment wth heredity, hybridization, genetic variations 
and mutations. 

Professor Jennings’ lucid presentation of his subject makes the book very 
readable, B. L. 


POSTMORTBJIS AND MORBID AnATOMY. By THEODORE ShENNAN, M.D., 
F.R.C.S. (Edin.), Professor of Patholog}’- in the University of Aberdeen. 
Pp. 716; 241 illustrations. Tliird edition. Baltimore: William Wood 
& Co., 1935. Price, .$9.00. 

This book deals with the technique of postmortem examinations and 
with the study of the organs as thej’’ are seen at the autops}’’ table. Of 
particular value are the instructions of how to examine each organ. First, 
in the case of the lung, it is stated that the principal points to be investigated 
are: the color of the organ, the air-content, consistencjq friability, presence 
or absence of consolidation, the nature of the fluid escaping from the cut 
surfaces and from the bronchi, and the nature of abnormal caHties. Under 
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these several headings there is a very useful discussion which should serve as 
a guide not only to the undergraduate but prove of considerable lielp to the 
practising physician who occasionally has an opportunity to perform an 
autopsy. The book is well VTitten and has excellent illustrations. That 
a third edition was demanded speaks for its continued usefulness. 

B. L. 


Inmurt and Incapacity. With Special Reference to Industrial Insurance. 
By H. Ernest Griffiths, M.S. (Bond.), F.R.C.S., Surgeon, Albert Dock 
and Hertford Coimty Hospitals; Consulting Surgeon, Wimbledon Hos- 
pital, etc. Pp. 270. Baltimore; William Wood & Co., 1935. Price, 
.S5.00. 

The object of this book is to place in the hands of interested individuals 
a compilation of the experience gained in the handling of industrial cases. 
Its basis has been the records of some 50,000 case reports of a large English 
insurance company and some 15,000 of his ovm cases. He attempts to 
fonn an estimate of the probable period of disability based upon the statis- 
tical analysis of these cases. The subject matter has been arranged in 
anatomical groupings, e. g., disabilities following injuries to the head, chest, 
and so on. In each group he discusses the cause of the disability, the symp- 
toms which maj’’ arise as sequela of the injury and at the end of each section 
there is appended a table setting forth the statistical experience of the 
“average period of the incapacity from work.” The estimates are given 
for both hea\7’ and light work and they are further subdivided according to 
age and in some cases according to sex. In many of the sections, suggestions 
ns to treatment are given from the experience of the author. 

At the end of the book, the author has appended a classification of the 
jihysical rcciuirements for particular trades. He has classified all occupa- 
tions into 24 t3'pes and he describes in detail the necessarj' ph3'sical require- 
ments for workmen employed in a particular trade. Thus, in T3’’pe I, the 
jiliysical requirements are given for hea\y, laborious work and all forms of 
labor on the flat; Type IV gii’es the requirements for electricians; T3'pe XI, 
for dressmakers; Type Xi^II, for crossing-s^veepers, and so on. In this 
anal3'sis the author points out the nccessar3' functions and shows how certain 
anatomic disabilities such as loss of a finger or, in some cases, ankylosis of 
joints ma3' not necessarily be disabling for certain occupations. 

Tlic book has no illustrations; it is clearl3’^ and conciseb' written and 
should have a large field of usofHlne.ss for both medical men and lawyers 
wlio arc interested in industrial surgci^A L. F. 


The H.mr and Scaer. A Clinical Stud3' (with a Chapter on Hirsuties). 
B3' Agnes S.vviu.e, M.A., lil.D. . (Gdasg.), M.R.C.P.I., Consulting 
Physician to Fitzroy Square Skin Hospital, etc. Pp. 2SS; 54 illustra- 
tions. Baltimore: William Wood & Co., 1935. Price, S5.00. 

Those ivho have mourned the gradual passing of Jackson and McAIur- 
tr3'’s book on diseases of the scalp from our dcnuatologic shelves will 
welcome Saville’s elTort to bring our somewhat tattered and discreditable 
knowledge of hair and scalp diseases up to date. The book contains a 
great deal of infonnation, as s3-stemafically arninged on the whole as a 
subject of such patchwork knowledge could be. It is really remarkable to 
find how often the .'=earch for infonnation on an individual jioint is rewarded 
bv an excellent paragraph or two containing a discriminating review of the 
mo=t recent investigations. The book follows- the clinical tradition of 
English demiatologv, but gives more than the u.sual regard for general 
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opinion and the I'esults of special investigation by students in many fields 
and in the best known Continental and other groups. The approach on 
controversial matters is temperate and broad, as Avitness the account of 
the legendary sudden whitening of the hair. There are a number of excel- 
lent case illustrations from the author’s evidently verj'^ substantial experi- 
ence in the treatment of disease of the hair and scalp. The chapter on 
hirsuties will add a point or two to almost anyone’s armamentarium of 
information and therapeutic crutches in such situations. The constitutiona 
background of hair and scalp disease receives remarkable and discriminating 
attention, while the local management, even to the effect of modern cosmetic 
practices and foibles is well dealt with. The chapter on the molecular 
structure and elastic properties of hair, written by W. P. Aspburj'-, Lecturer 
on Textile Physics in the University of Leeds, is a genuine piece of first- 
rate research which has direct application, as Saville points out, to such 
common practices as the “permanent wave.” The classifications are in 
the main clinical and morphologic rather than etiologic, but of course, un- 
avoidably so. It has been necessary to lump large blocks of clinical phe- 
nomena into single patchwork chapters, such as that on pustular conditions 
of the scalp. This method of treatment, while regrettable as an e\ddence 
of incomplete knowledge, is a convenience from the standpoint of the clini- 
cian and practitioner. The observations on hair dyes are discriminating, 
useful and complete. It would seem that authors contemplating publica- 
tion in a foreign country could afford to make their therapeutic recommen- 
dations and prescriptions conform more closely to the pharmacopeial ter- 
minology of their publisher’s market, and this book cannot wholly escape 
this criticism. The useful memoranda on formulae are, however, almost 
uniformly usable in American practice. For a book which happily escapes 
the current exploitation by and misuse of colored plates, the price seems 
unduly high, and will perhaps limit its usefulness regrettably to the practice 
of specialists. .1. S. 


The Radiology of Bones and Joints. By James F. Brailspobd, M.D. 
(B’ham.), M.R.C.S. (Eng.), Hunterian Professor, Royal College of 
Surgeons, England, 1934-1935; Radiologic Demonstrator in Living 
Anatomy, The University of Birmingham, etc. Pp. 571; 340 illustra- 
tions. Second Edition. Baltimore: William Wood & Co., 1935. 
Price, $9.00. 

Though appearing but one year after the first edition, several notable 
changes have been made in this excellent textbook. A chapter on Dental 
Radiography has been added. Several sections have been rewritten as the 
result of recent investigations. Some of the illustrations have been replaced. 

G. W. 


Great Doctors of the Nineteenth Century. By Sir William Hale- 
White, K.B.E., M.D., LL.D. (Hon.), F.R.C.P., Consulting Physician 
to Guj’^’s Hospital. Pp. 325. Baltimore: William Wood & Co., 1935. 
Price, $5.00. 

The nineteenth was an eventful centuiy through the contrilmtions made 
to medical progress by outstanding individual British physicians and sur- 
g 90 Rs. The author has gathered together biographical sketches of 17 
distinguished men whose particular contributions became of interest not 
only to medical men but to the general public as well. The series extends 
from the last j’^ears of the eighteenth century, when Jenner discovered vac- 
cmation, to the end of the first quarter of the twentieth centurjq when Ross 
confinned his observations on the transmission of malaria by mosquitoes. 
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The series might be likened to a chain as the indi\'iduals became more or 
less intimately associated one -with another, Astley Cooper, in the field of 
anatomy and surger3'^; Charles Bell, in comparative anatomy and musculo- 
nervous sensation; Bright in his exposition of the morbid anatomy of the 
kidney; Bov-man, both by his discoveries in the histologj' and physiology 
of the ludney, and as ophthalmologist and physiologic histologist; hlarshall 
Hall, with his method of reviring the asph}'xiated and his investigations of 
the diseases of the ner\DUs system; Addison, who achieved the distinction 
of discoyering_ two diseases both named after him; Stokes, by attention to 
clinical investigation and clinical teaching, especia% of the afections of the 
heart; Simpson, surgeon and anesthetist; Paget as surgical pathologist; 
John Simon, in Public Health; Gull, Wilkes and Hughlings Jackson in 
neurologj" Lister, a surgeon practising antisepsis; Manson, detecting the 
effects of parasites in Tropical diseases; and, lastly, Ross discovering that 
the anopheles mosquito is the carrier of the malaria parasite. 

hlingied m'th these names are those of hosts of others who by their 
labors either aided directly their chiefs, or helped to explain or elucidate 
what they had presented, hlany were either directly connected with Guy’s 
Hospital or were associated with Guy’s men, so that it is of further interest 
to see the links which bound these men into such a continuous chain. The 
author is himself a “Gu3’^’s man,” and the book can sen^e as an additional 
monument to the greatness of his predecessors in that Hospital. 

The work is beatifully printed and the text most readable; its .sendee 
could have been enhanced b}^ the inclusion of contemporarj’^ portraits of their 
subjects. B. C. 


jMedical hlvcoLOGY. Fuligous Diseases of Men and Other IMammals. Bj' 
CAnnoLL WiLLi-Aji Dodge, Ph.D., Mj'cologist, hlissouri Botanical 
Garden; Professor, Henrj’ Shaw School of Botany, Washington University, 
St. Louis. Pp, 900; 142 illustrations. St. Jx)uis: The C. V. Mosb}' 
Compan}", 1935. Price, SIO.OO. 

In this large volume, printed on good paper with a moderate number of 
line-drawings, the essentiallj' medical, i. e., disease, phases are sketch3', as 
might be expected where the author has the \dewpoint of the cn’ptogamic 
botanist. However, in this field the greater need in medicine at present is 
the perspective and criticism of the botanist toward medical mj'colog}', and 
these are amplj' and valuablj' expressed in this book. It is a verj' complete 
catalogue, analj'sis and critique of all of the fungous organisms known in 
mammalian disease, supplemented bj* a full bibliographj’. All of these are 
features which are not to be found in anj"^ other work on this subject in the 
English language. Kej's are printed with the object of facilitating determin- 
ation of species. It remains to be seen whether certain rather radical 
modifications of classifications, altiiougli thej' may be well founded botanic- 
ally, vill simplify’ an already difficult situation for the medical biologist. 
Tlie book is aii indispensable complement, biologicall.v speaking, to the 
various treatises on clinical mj'cologj' which arc widelj' and irregularly 
scattered through medical literature. P. B • 


NEW BOOKS. 

CoUrrkfi iVrilwgs. Alfred F. Heifs, 1875-1033. In 2 volume.s. Pp. 14u3; 
127 illustrations, 124 charts and many tables. Springfield, 111.; Charles 
C Thomas, 193G. Price, .?15.00, 
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Neurological Surgery. By Lotal Davis, M.S., Ph.D., D.Sc. (Hon), 
Professor of Surgery and Chairman of the Division of Surgery, North- 
western University Medical School, Chicago. Pp. 429; 172 illustrations 
and 2 plates. Philadelphia; Lea & Febiger, 1936. Price, S6.00. 

Passive Vascular Exercises (and the Conservative Management of Oblitera- 
tive Arterial Diseases of the Extremities) . By Louis G. Herrmann, A.B . , 
M.D., .^sistant Professor of.Surgei^, College of Medicine of the Uni- 
versity of Cincinnati, and the Cincinnati General Hospital, etc. With 
a Foreword by Mont R. Reid, M.D. Pp. 288; 80 illustrations and 
4 colored plates. Philadelplua:. J. B. Lippincott Company, 1936. 
Price, S4.00. 

The Baby and Growing Child. Feeding and Health Care for Physicians, 
Mothers and Nurses. By Loiiis Fischer, M.D., Consulting Physician 
to the Willard Parker Hospital, New York City, and St. Vincent’s 
Hospital, Montclair,. N. J., etc. Pp. 260; many illustrations, some in 
colors. New York: Funk & WagnaUs Company, 1936. Price, 81.50. 

Strength Out of Suffering. A Translation of Servitude et Grandeur de la 
Maladie. By I^ance PASTOREiiUi, Pp. 224. Boston: Houghton 
Mifflin Company, 1936. Price, $1.50. 

Chinese Medical Journal, Supplement No. 1, February, 1936. Pathology 
and Microbiology. Being Mainly Proceedings of the Chinese Society of 
Pathology and Microbiology held in Canton, November 5-8, 1935. 
Pp. 518; 70 plates of illustrations. Peiping: Chinese Medical Journal, 
1936. Price, $2.50 or 10 shillings. 

“Owing to the increasing number of papers in the field of Special Pathology 
and Microbiology hitherto pubUshod in the Chinese Medical Journal which is* 
not primarily intended for such subjects, it is thought desirable to bring the 
material together in one publication; hence the issue of this first number of our 
Supplement series. This Supplement is of the same size and format as the regular 
issues of Chinese Medical Journal and contains over 500 pages of text and 70 
plates of illustrations. Price, U. S., $2.60, or 10 shillings. The list of contents 
will give some idea of the value of this publication. It is hoped that all would-be 
contributors will read, learn and inwardly digest the article on ‘Methods of 
Illustrating Scientific Papers,’ the ignorance of which has spoilt many a promising 
reputation and the temper of many an editor.” (Publisher’s advertisement.) 
We heartily- endorse the last paragraph. 

Your Hay Fever. By Oren C. Durham, Chief Botanist, Abbott Labora- 
tories, North Chicago, 111. With an Introduction by Morris Fishbein 
and a Chapter on Treatment by Samueu M. Feinberg, M.D., F.A.C.P. 
Pp. 264; 17 illustrations and 7 tables. New York; The Bobbs-Merrill 
Company, 1936. Price, $2.00. 

On Percussion of the Chest. Being a Translation of Auenbrugger’s Original 
Treatise Entitled “Inventum novum ex percussione thoracis humani, 
ut signo abstrusos interni pectoris morbos detegendi.” Wienna, 1761.] 
By John Forbes, M.D. [London, 1824]. Introduction by Henry E. 
SiGERisT. Pp. 31; 2 illustrations. Baltimore: The Johns Hopkins 
Press, 1936. Price, 75c. 

The International Medical Annual. Fifth-Fourth Year, 1936. A Year 
Book of Treatment and 'Practitioner’s Index. Editor; H. Letheby 
Tidy, M.A., M.D. (OxoN.), F.R.C.P., and A. Rendle Short, M.D., 
B.S., B.Sc., F.R.C.S., with 36 Contributors. Pp. 555; 73 illustrations 
and 81 plates, some in colors. Baltimore; William Wood & Co., 1936. 
Price, $6.00. 

Doctor of the North Country. By Earu Vinton McComb, M.D. With a 
Preface by Logan Clendentng, M.D. Pp. 238. New York: Thomas 
Y. Crowell Company, 1936. Price, $2.00. 

A Textbook of Histology. By Joseph Kr.afka, Jr., Ph.D., M.D., Professor 
of Microscopic Anatomy, University of Georgia, School of hledicine, 
Augusta, Ga. Pp. 246; 95 illustrations. Baltimore: The Williaras & 
Willcins Company, 1936. Price, $2.50. 
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Internalmiul Clinics. Vol. II, FoHy-sixlh Series, 1936. Edited by Louis 
Hmijian, M.D., Visiting Physician, Jolins Hopkins Hospital, Baltimore, 
■n’itli_ 14 Collaborators. Pp. 327; illustrated. Philadelpliia: J. B. 
Lippincott Companj", 1936, 

The opening article of this number on GJomal Tumors (by Goschickter) includes 
an excellent colored illustration (Masson ’.s frichrome stain) and a good exposition 
of the pathology of the subject. Of the 14 articles, 2 others are surgical, 2 pedi- 
atric and the rest medical. 

Illu&lrous Conirihiilims lo Public Health. A Souvenir. Prepared for the 
Dedication Exercises on Tuesday, November ’26, 1935. By' Ch-Uiues 
Erederi^ Bolduan, M.D,, Department of Health, City of New York. 
Pp. 33; illustrated. Privately Printed, 1936. Price, Sl.OO. (Can be 
obtained from the New York Academy', of Medicine.) 

NEW EDITIONS. 

Animal Micrology. Practical E-xercises in Zoological Micro-Technique. 
By' Michael F, Guyer, Professor of Zoology' in the University of Wis- 
consin. With a Chapter on Dratring by' Elizabeiti A. (Smith) Bean, 
former Assistant Professor in Zoology' in the University' of Wisconsin. 
Pp. 331; 76 illustrations. Fourth edition, rerised. Chicago; The 
University' of Chicago Press, 1936. Price, S2.50. 

Lehrhiich der Inneren Medizin. Vols. 1 and 2. By' H. Assjiann, G. 

Bergmann <mit F. Stroebe>, H. Bohnenkamp, R. Doerr, H. Eppin- 
GER, E. Grafe, Fr. Heller, G. Katscu, P. Mora-witz, A. Schitten- 

. HELM, R. Siebeck, R. St.aehelin, AV. Stepp, H. Straub. Pp. A'ol. 1, 
934; Vol. 2, S4G; illustrations, A'’ol. 1, 171; A^'o!. 2, 153, Dritte Umgear- 
beitete und Ergiinzte Auflage. Berlin: Julius Springer, 1936. Price, 
Paper, RM 48; Bound, RM 52. 

Post Mortems and Morbid Anatomy. By' Theodore Shennan, M.D., 
F.R.C.S. (Edin.), Professor of Pathology' in the University of Aberdeen. 
Pp. 716; 241 illustrations. Third edition. Baltimore: William AA^ood 
& Co., 1935. Price, .$9.00. (Re^'iew, p. 279.) 

The Extra-Ocular Mv.‘>cles. A Clinical Study' of Normal and Abnonnal 
Ocular Motility'. By' Luther C. Peter, A.M., M.D., Sc.D., Profe.ssor 
of Diseases of the Eye in the Graduate School of IMeclicine of the Uni- 
versity of Pcimsylvania; Ophthalmologist to the Graduate Hospital of 
the University' of Pennsy'lvania and the Rush Hospital for Consumption 
and Allied Diseases, etc. Pp. 351; 136 illustrations and 5 colored plates. 
Second edition, thoroughly revised. Philadelphia: Lea A Febiger, 1930. 
Price, .$4.50. 

The Bocond edition of this wcll-knoivn book inc]ude.s .un entirely now chapter 
on operations on the ocular muscles, as practised by the author. Much new 
material has been added in the treatment of squint witlj fusion exercises. — F. A. 

Urology in Women. A Handbook of Urinaiy Diseases in the Female Sex. 
By C.tTHERiNE E. Lemts, M.S. (Lond.), F.R.C.S. (Eng.), Surgeon to 
the Roy'ul Free Hospital; Surgeon and Urologist to the South lAtndon 
Hospital for AVonien. Pp. 100; 31 illustrations, some in colors. Second 
edition. Baltimore: AA'illiam AA'ood A Co., 1936. Price, $2.25. 

Tumors of Bone (Including the JaM'.s and Joints). By CiLtitLEs F. Ge- 
scHicKTCR, M.D., and ^tlunuAY M. CorEi,.\Nn, IM.D., Surgical Patho- 
logical Labonitory, Deptirtment of Surgery, Johns Hopkins Hospital 
and University, Baltimore. AA'ith Forewords by Dean Linvis, M.D., 
Profc-'-sor of Surgery. Johns Hopkins Hospital and University, and the 
late .fosEPii Colt BLOODGonn, iU.D.. fonner Clinical Profc.s.=or of Surgery, 
Johns Hopkins Hospital and University, Baltimore. Pp. 832; 52-5 
illustrations. RevLed edition. New A ork: Tl)e Amerir.'in .Tonrn.al of 
Cancer, 1936. Price, $6.00. 
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BRONCHIECTASIS. 

The patient suffering from advanced bronchiectasis is a pathetic 
sight. He is usually an individual whose illness has lasted too long to 
permit his care at home by his family physician, in most cases he is not 
considered ill enough for hospital care, and hence he is most often seen 
in the outpatient department or he is permitted to care for himself as 
best he can without professional guidance. He is characterized by his 
sallow, pasty complexion and frequent cough, but more noticeably by 
the foul odor which has been compared, for want of more adequate 
description, to the odor of rotten eggs or limburger cheese. E^•en those 
who have the fortitude to attempt to carry on a gainful occupation, 
are prevented from earning a livelihood by the repellent odor. Normal 
social relations are denied him and he is compelled to live a secluded life. 

This picture of the late stage of bronchiectasis does not represent 
the greater number of cases. However, the prognosis in the milder 
cases is grave since the disease as a rule becomes progressively worse.’’" 
Findley and GrahanF state that in children, except for cases with slight 
dilatation of the bronchi, the condition increases in severity. 

Bronchiectasis is said to be next to tuberculosis the most common of 
all chronic lung conditions. In fact Ochsner'’ places it above tuberculosis 
in regard to frequency of occurrence. Hamilton® states that of all in- 
mates of tuberculosis sanitoria 25 to 50% are not tuberculous, a figure 
which seems unusually high. 

The actual incidence is difficult to -determine, since many of the 
milder forms are considered to be cases of chronic bronchitis. Others 
are considered to be cases of tuberculosis and are treated as such. One 
of our recent cases had been cared for in and out of a tuberculosis sani- 
tarium as a case of pulmonary tuberculosis for 9 years. It is possible 
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that this man had pulmonary tuberculosis at one time but we were 
able to find no evidence of an active lesion at the time of our study. 

Graham, Singer and Ballon®-’ have pointed out the fact that many 
cases of bronchiectasis are considered tuberculosis but indicate that 
the_ error may also be made in diagnosing tuberculosis as bronchiec- 
tasis. Je-v-Blake® states that of 29,700 patients admitted to the Bromp- 
tom Hospital for Consumptives 1.9% had a clinical diagnosis of bron- 
chiectasis. He considered this figure as being too low and gave the 
probable figure as 5%. Since the publication of the paper by Jex~ 
Blake the method of diagnosis has been improved by the introduction 
of iodized oil as a contrast medium,®-’® and the incidence in a similar 
series would probably be higher. Lemon” reported an incidence of 0.4% 
from 15,500 admissions of children to the Mayo Clinic and Moll” also 
reported an incidence of 0.4% from 12,225 autopsy cases from the Gen- 
eral Infirmary at Leeds. Ochsner^ reported an incidence of 92% of 
definite bronchial dilatation in University students in whom a diagnosis 
of chronic bronchitis had been made. l^Tiat portion of the student 
body this group comprised was not stated. The incidence of bronchiec- 
tasis in hospital populations or in postmortem series varies greatly. 

An attempt to obtain statistical data from a large population has 
proven futile. In the Department of Commerce tables compiled from 
the United States registration area bronchiectasis is not mentioned as a 
cause of death. If we assume that chronic bronchitis severe enough 
to cause death, might be classed as bronchiectasis on the strength of 
Ochsner’s'* finding of an incidence of 92% for dilated bronchi in cases 
of chronic bronchitis, the death rate from this cause reaches 1.5 per 
100,000.” These data are not too reliable, chiefly because of inade- 
quacy of diagnosis. The figure is likely to be too low rather than too 
high, due to the tendency to diagnose chronic debilitating cough as 
tuberculosis. During the past few years many cases of bronchiectasis 
with mild symptoms associated with definitely dilated bronchi ha^'e been 
reported.^-”’” 

iSIany theories ha\’e been advanced regarding the etiology of bron- 
chiectasis, so manj' in fact that one is led at once to the conclusion that 
the cause of the condition cannot adequately be e.vplained at this time 
by any one thcorj-. It is app.arent that the causes of bronchiectasis 
are numerous. One of the earliest theories of the etiology of lu’onchiec- 
t!isis deals with changes in the wall of the bronchus and loss of con- 
tractility of the muscle.”'” Both of these early authors fndicated their 
belief in the inception of broncliiectasis within the bronchus itself— 
a logical ^'icn^)oint which is still held by most observers. The actual 
process initiating the cliangcs found in the bronchus is not always clear. 
There are some who maintain that disease of the bronchus is secondary 
to disease in the parenchyma of the lung causing fibrosis outside of the 
bronchus which, due to tension from without, causes dilatation of the 
bronchus.” 

Various types of congenital abnormalities have been suggested ns a 
cause of bronchiectasis. Chief among these abnormalities, especially 
in children, which have been suggested as imporfint etiologic factors is 
congenital pulmonary atelectasis.”-’®-®' 
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Partial obstruction of tbe bronchi is associated frequently with bron- 
chiectasis. Bronchiectasis 'is also found associated with foreign bodies 
and with bronchogenic carcinoma. Occasionally bronchiectasis is 
thought to result from tuberculosis as a sequel to associated bronchial 
obstruction and atelectasis. However, Boyd^ could find no relationship 
between the two diseases in the cases which she studied. 

That inflammatory changes are' found within the bronchial wall in 
cases of bronchiectasis is so well known that the question as to whether 
the inflammation is the cause or result of dilatation of the bronchi is an 
important one. In the majority of instances the infection, if not the 
sole inciting cause, is at least an important factor in the damage to the 
wall of the bronchus and the progression of the condition. Except for 
the cases of congenital atelectasis, antecedent respiratory infection 
usually precedes the onset of bronchiectasis. Bronchopneumonia, 
influenza and pertussis are frequently found to have been inciting 
causes. Table 1 illustrates the relative frequency of the occurrence of 
respiratory diseases as etiologic factors in bronchiectasis. 

Table 1. — Infections Leading to Bronchiectasis. 


Author. 

Total 
No. of 
casoa. 

Pneumonia. 

Per- 

tussis. 

Mca.sles. 

Influenza. 

Bron- 

chitis. 

Upper 

respiratory 

infection. 

Other 

causes. 

Thorpe^- 

. 53 

23 

14 

9 

3 


2 

2 

Lemon"' . 

. 63 

11 

27 

8 

15 

9 

16 

5 

Boydi 

. 60 

23 

10 

9 

4 

7 


10 

MoH'2 . 

. 65 

27 

6 


1 

14 

, , 

17 

Wall and 
Hoyle'5 

. 20 

15 

11 

5 

4 





In favor of the premise that the bronchiectasis is the result of infec- 
tion is the work of SmitlP^ and Pilot and Davis^"* who were able to recover 
spirochetes and fusiform bacilli from the majority of the cases of bron- 
chiectasis studied. These organisms are commonly found in the mouth. 
In addition to finding spirochetes and fusiform bacilli. Smith was able 
to reproduce pulmonary lesions in the rabbit by intratracheal inocula- 
tion of fusospirochetal material. 

The frequent finding of spiroehetes and fusiform bacilli in cases of 
bronchiectasis does not constitute valid evidence that the organisms 
are responsible for the initiation of the disease. The experimental pro- 
duction of lung suppuration^^”-* indicates the possibility that certain 
cases are due primarily to the aspiration of material from the mouth 
into the lung and this offers one explanation for the production of lung 
abscess and bronchiectasis following tonsillectomy. 

In a study of the bacteriology in cases of bronchiectasis Robinson and 
Greerj'^,29 and Boyd^ report no predominating organisms. Ermatinger** 
likewise reported a wide variety of organisms from the sputum of bron- 
chiectatic patients. Varnej^^ reported the finding of the bacillus maleno- 
genicum of Oliver and Wherry in 94% of unoperated cases of chronic 
lung abscess. He also found, by cultural means, B. fusiformis in all 
cases studied. Suffice it to say that a study of the sputum has not 
answered the question whether the organisms found were the causative 
agents or secondary invaders. It has been frequently suggested that 
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in addition to tlie infectious agents it is necessai-y to Ljn-e other factors 
present, sucli as obstruction or trauma. In any case the mixed infection 
which is usually present is an important factor in the disease.''®' The 
relation of sjnnbiosis of organisms in the production of necrotizing lesions 
luis been well illustrated bj' Mason and Kocy^ to result from human 
bites. 

The frequent occurrence of upper respiratory and sinus disease either 
antecedent to or associated ■with bronchiectasis has been referred to 
above. Tlie thought that inflammation of the paranasal sinuses might 
contribute to the formation of ectatic bronchi has been frequently 
mentioned.^'‘'®^~^® 

Graham^^ has noted that during attacks of sinus disease in patients 
with bronchial fistulas, the amount of discharge from the fistulie in- 
creases. The increase of bronchorrhea during sinus attacks suggests 
that the entire respiratory tract is affected. The cause for this phe- 
nomenon is not apparent. That the excess secretion in the bronchi 
during paranasal sinus infections might be a factor in the production 
of bronchiectasis due to puddling is a possibility. Kern and Schenck^® 
point out that chronic pulmonary infections likewise cause a reinfection 
of the nasal sinuses and thus a ^'icious cycle results. 

In regard to our present knowledge of the etiology of bronchiectasis, 
contributing factors rather than a single cause should be considered. 
Graham, Singer and Ballon'®-'^ state that “ up to the present time it' must 
be admitted that there is no prophylactic measure which carries with 
it the assurance that its employment nil! avoid the development of 
bronchiectasis.” Nevertheless, careful study of each case should be 
made with respect to the factors involved, in the hope that these factors 
may be better understood and measures instituted for their correction 
early enough to prevent the inception of advanced bronchiectasis. 

IVithin recent years several authoi's^®'^®’ have discussed the pathologic 
findings in bronchiectasis. The material for these studies was obtained 
from autopsy specimens and tissue removed at operation. As might 
be expected, the observations corroborate the description of such mate- 
rial to be found in earlier papers and textbooks of pathology. ErbV® 
observations were made upon material obtained from children whose 
symptoms had lasted from 2 weeks to oh years. Realizing that the time 
clement in the development of bronchiectatic lesions is not the only 
factor in the ]n'ogression of tlie condition, he was aide, howe\'er, to 
obtain specimens from patients in whom the duration of the disease 
was known and which showed varying stages of bronchiectasis. Erb 
■was led to believe from his study that bronchiectasis is a progre.ssi'i'e 
discn.se, and that trvo main stages may be recognized in the course of 
the disease; (1) the stage of damage or destruction and (2) the stage 
of repair. In tho.se patients, the duration of whose disease was p weeks 
or Ic.ss, there was no sign of regeneration of epithelium or of fibro-sis. The 
specimens showed a purulent exudate within the bronchioles, ulceration 
of the mucous membrane, necrosis of a large part of the bronchial wall 
and the presence of exudate in the surrounding alveoli. In the early 
cases imlividual bronchi were dilated to varying degrcc.s, the d.mnage 
occurring somewhat irregularly within the bronchus, llie first (;videnee 
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of repair Was found by Erb^” after 6 weeks following the onset of symp- 
toms. This was evidenced by the appearance* of epithelium approaching 
the squamous type instead of the normally occurring ciliated epithelium. 

There appeared then a vascular granulation tissue lining the wall of 
the bronchus. The destroyed muscle and elastic tissue of the bronchus 
was wholly or in great part replaced by granulation tissue. Specimens 
from cliildren whose disease was of several years’ standing, showed 
marked fibrosis and thickening of the wall of the bronchi, with dilatation. 
The mucous memijrane was thrown in folds and only occasionallj’’ 
ciliated epithelium was found. The parenchyma of the lung in the 
proximity of the bronchiectatic areas was fibrotic. Erb'*-” believed 
that bronchiectasis has its origin in an acute respiratory inflammation 
and that obstruction favors the inflammatory process by prevention 
of drainage. Robinson, studjdng specimens in much later stages than 
those described by Erb, noted that ciliated epithelium was consistently 
present, and the subepithelial tissue was of a granulomatous character. 
In addition to loss of muscle and elastic tissue the cartilaginous plates 
were in some instances replaced by fibrous tissue. Of importance is the 
fact that in 65% of the cases Robinson^^ found intimal thickening lead- 
ing to stenosis of the bronchial arteries. The significance of these 
obliterating changes in the arteries is not known. While they are prob- 
ably the result of inflammatory changes affecting all the tissues of the 
bronchus, it is likely that the reduced blood supply is associated with 
maintenance of the chronicity of the condition. This has been offered 
as one of the possible causes of bronchiectasis. To us, it appears more 
to be the result of the process than the cause. 

Schneider'*^ differentiates between atrophic and hypertrophic changes 
in the bronchi. In atrophic bronchiectasis he feels that the dilatations 
are likely to be cylindrical; in the hypertrophic, either cylindrical or 
saccular. In the hypertrophic form all layers of the bronchial wall are 
affected, while in the atrophic form, changes are found chieflj’^ in the 
epithelial membrane. Since the atrophic form may change into the 
hypertrophic form tliis differentiation is not of great moment. Schneider 
believes, however, that the origin of these two forms is different, the 
atrophic form resulting from increased intrabronchial pressure; the 
hypertrophic resulting from infection of the bronchi subsequent in 
many instances to parenchymatous lung infection. This differentiation 
would not appear to be significant. Of more importance is the extent 
of the lesion and the amount of infection present. Ballon and Ballon,'*^ 
and Bendo^^e and Gershwin'*^ have classified bronchial dilatations as 
regards form. Ben dove and Gershwin have attempted to relate etiology, 
clinical picture and treatment to the type of bronchiectasis. These 
authors point out the need for further studies in the correlation of symp- 
toms, signs and morphologic aspects of In-onchiectasis. How far this 
relationship can be carried is difficult to state at this time. In many 
cases combinations of the usually recognized forms occur. 

jMuch has been said regarding associated fibrotic changes in the par- 
enchyma of the lung as a factor in the production of bronchiectasis. It 
has been frequently pointed out that fibrosis of the lung is not nece.ssar- 
ily associated with bronchiectasis. The main pathologic findings in 
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bronchiectasis concern changes within the bronchi, not particularly 
related to parenchjTual changes, so that it seems fair to conclude that 
associated parenchymal inflammation or fibrosis is the result and not 
the cause of bronchiectasis. 

The clinical history and signs of bronchiectasis are quite variable. 
In the early stages or in the mild cases the physical findmgs may be 
quite insignificant. It is in this early period that it is important to 
detect the presence of changes in the bronchi. The usual diagnosis 
which is made in these cases is that of bronchitis and the usual symp- 
tom is a persistent cough. The cough is usually paroxysmal, more likely 
to occur at night w’hen the patient lies down and may not be productive. 
If productive, the amount of mucoid sputum expectorated is as a rule 
small. Occasionally the sputum may be found to be blood-streaked. 
Seldom is the amount of blood brought up of a measurable quantity. 
In the mild cases fever is slight, if present. The patient may complain 
of feeling just a “ bit below par,” tiring easily and not feeling quite as 
energetic as usual. The onset of these sjrmptoms is usually associated 
with an upper respiratory infection. The patient may have had an 
acute pulmonary infection or tracheobronchitis from which he did not 
seem entirely to recover. No less vague than the clinical history are the 
physical findinp. In many of the early cases, even with the most care- 
ful examination, it may be impossible to detect any abnormal physical 
signs. The percussion note is usually normally resonant and equal on 
both sides of the chest. Fremitus, vocal or tactile, is not unusual. 
Expansion may be somewhat limited on the affected side. Unless a care- 
ful search is made, rfiles are often not heard, and if present are usually 
localized over small areas at the base. As a rule the rfiles are moist 
and apt to persist after coughing. Breath sounds and spoken and 
whispered voice sounds are generally transmitted well throughout the 
lung fields and may give no clue to the underljdng lesion. 

In later or more severe tjpes of the disease the history and physical 
signs may be variable but more definitely indicate the existence of 
chronic pulmonary suppuration. Antecedent respiratory infection may 
or may not be noted by the patient as the origin of his illness. However, 
a history of frequent severe colds is not uncommon and many patients 
consider themselves so susceptible to common colds that they are led 
to believe that their illness is due to recurrent or persistent colds. 
Cough is frequent and e.xpcctoration may be copious. The amount of 
expectoration may vary from a few cubic centimeters to over a 1000 cc. 
a day. The expectorated material is watery and frothy and settles upon 
standing into definite layers. The odor of the sputum may not be 
unusual but as a rule the sputum has a rancid, or even fetid odor. In 
advanced cases fever is usually present, and occasionally the patient 
may have recurrent chills. Frequently tlie patient is able to correlate 
the* bouts of chills and fever with a lessened amount of expectoration, 
but at times these occur even when drainage is copious. 

In long standing cases there is clubbing of the fingers but the fact 
that a patient with bronchiectasis has clubbed fingers does not de.sig- 
nate him as a case of long contimicd pulmonary disease since marked 
clubbing of the fingers may occur within a period of a few months. 
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Cyanosis and dyspnea may be present and may indicate an extensive 
lesion or the spread of infection to parenchymal tissue. Nausea and 
vomiting may occur from the odor of the sputum, from swallowing it, 
or may be an evidenee of amyloid disease. 

Physical findings vary from patient to patient, as well as in the same 
patient from time to time. The most consistent physical finding is the 
presence of moist, bubbling, rMes at one or both bases, before, during 
and after eoughing. In cases with associated pneumonitis or atelec- 
tasis or in which large sacculations are present, dullness may be elicited. 
Limitation of costal respiratory excursions is a common finding. The 
physical findings may be found to change in extent and degree following 
postural drainage. In regard to localization the condition is more fre- 
quently found in the left lower lobe, the right lower lobe being the next 
most frequently involved. 

Dry bronchiectasis has been described by Bezan^on and associates,^® 
Scott Pinchin and Morlock,^'^ Moll,'^ Wall and Hoyle^® and others. It 
is a form in which gross infection is absent and the chief symptoms are 
cough and hemoptysis. Sputum may be entirely absent or expectorated 
in small amounts. 

As has been so frequently pointed out by various authors, the only 
sure way to make the diagnosis of bronchiectasis is by Roentgen-ray 
with the aid of a contrast medium. This has been strikingly demon- 
strated by the fact that since Sicard and Forestier®-^® introduced iodized 
oil as a means of contrast bronchography the number of cases correctly 
diagnosed has increased. Many cases considered as bronchiectasis 
have been found to be incorrectly diagnosed, and many patients have 
been found to have bronchiectasis in whom the condition was not 
suspected. Bronchography offers a criterion not only as to the presence 
or absence of bronchiectasis but as to the extent and distribution as 
well. It has been frequently pointed out that the ordinary chest plate 
without the use of contrast media is not sufficient evidence either for or 
against the presence of bronchiectasis. 

Later stages of bronchiectasis may yield a roentgenogram which 
shows multiple fluid levels within the bronchi. At this stage the Roent- 
gen-ray diagnosis is but confiimatory, as the diagnosis can be made 
easily from the clinical picture. In 1926 Graham and Singer^® pointed 
out that dense triangular shadows in the region of the cardiodiaphrag- 
matic area were present in bronchiectasis. The presence of triangular 
basal shadows was noted earlier by Armand-Delille, Levy and Alarie."*® 
Later Rist, Jacob and Trocme,®” Sergent and Bordet®^ and Wallgren®^ 
were able to show by means of lipiodol injeetions that the triangular 
basal shadows contained bronchiectatic areas. Warner and Graham®^ 
state that “ triangular shadows not only invariably indicated the pres- 
ence of bronchiectasis, but they occurred frequently in the cases which 
we have studied.” Tliese authors state that these shadows were found 
in about 6% of all their proven cases of bronchiectasis. Tliese authors 
also by a study of cases operated on and by animal experimentation 
proved that the shadows were due to atelectatic bronchiectatic lower 
lobes and fm-ther indieated tliat fibrosis of parenchyma of the lung or 
pleural involvement ivas not a necessarily associated condition, it 
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appears that the presence of a triangular basal shadoir indicates the 
presence of bronchiectasis, but it must be kept in mind that the 
absence of these shadows does not indicate the absence of bronclii- 
ectasis. Contrast bronchography is a much more dependable criterion 
and while not infallible is the most accurate means of study. 

During the past few years much has been written concerning the 
surgical treatment of bronchiectasis by lobectomy. The enthusiasm 
ivith wliich this form of treatment has been received, associated with 
the gravity of the prognosis in neglected cases, has fostered an under- 
current of opinion to the effect that other forms of treatment are of 
little value. Lobectomy for bronchiectasis, although suggested many 
years ago, was practicallj' abandoned by 1922, undoubtedly due to the 
high mortality. Willy Meyer®'* reported a mortality of 50% in a col- 
lected series (16 cases). Graham®®, in 1923, reported 3 cases operated on, 
2 of which died. He collected 45 additional cases from the literature, 
the mortalitj^ from the entire series being 52%. These figures, while 
indicating a mortality of consecjuence, hardly seem sufficient to account 
for the abandonment of the procedure since the cases chosen for operation 
were necessarily in a late stage of the disease and recovery by other 
means was not to be expected. Graham, Singer and Ballon®-' collected 
a scries of 212 cases of bronchiectasis with an average mortality of 
approximately 34%. Coryllos®® reported a series of S7 cases operated 
upon by 1 1 different surgeons with a mortality of 55. 1 %. 

Janes ®^ reported 17 cases from Shenstone’s service. Of these, 3 
cases died within a iveek following operation, while of 3 other cases 
■ which died, one survived 245 days. Of the 17 cases, 4 were reported 
cured, 5 improi'ed, and 2 cases showed no improvement. Roberts and 
Nelson®® reported 10 cases in which lobectomy was performed. Trvo 
of these were for carcinoma of the bronchus m'th bronchiectasis. Six 
patients were free from symptoms, and 2 patients succumbed as a result 
of the operation. Graliam®-’has reported G additional cases of his own 
subjected to lobectomy, only 1 of which died. Other cases have been 
subjected to lobectomy within the past few years, many of which have 
not been reported. 

The removal of one or more lobes of the lung for In-onchicctasis has 
been performed sufficiently successfully by a number of surgeons and 
with mortalities low enough to stimulate continued use of tlie proced- 
ure. No doubt with additional experience the mortality will be still 
further reduced, as well as the postoperative morbidity. 

The improvement in the mortality figures of cases recently operated 
on as compared to those previous to 1923 is in large part d)ic to 
improvement in operative technirpic anti anesthesia. The one-stage 
procedure of Brunn®® is favored by some surgeons, while others 
believe that a two-stage procedure has definite advantages. The 
impetu.s for renewed attempts to remove bronchiectatic Jobes sur- 
gically lias come mainly as a result of better localization and under- 
standing of the process. j\Iany of the cases operated on before the use 
of iodized oil as a contrast medium for outlining the diseased bronchi 
were not suitable for operation. With a wider use of the procedure has 
come a better undcr.standing of the criteria for the selection of cases. 



■ SURGERY 


293 


Cases with many lobes involved, especially those with bilateral involve- 
ment, are not so amenable to surgical therapy as are the unilobar cases. 
Patients with continued septic febrile reactions are best not operated 
upon, unless drainage can be effected sufficient to allow the acute process 
to subside. 

It is too early to predict the end tesults in the majority of cases re- 
ported as cured. Some of the patients who have been tliought cured 
of their disease will no doubt develop other dilated bronchi or early 
involvement in other lobes will progress. However, the improvement 
brought to many warrants the continued use of the procedure. To those 
brought from the chronic invalidism of putrid, bronchial suppuration 
to health and clean breath, the risk involved must seem insignificant. 

In addition to excision of the diseased lobe, two other methods of 
surgical removal have met with some success. Cautery pneumectomy,' 
while a more prolonged procedure, has a lower mortality and is applicable 
to many cases unsuitable for radical lobectomy. Graham,®® in a series 
of 54 cases of chronic pulmonary suppuration, had a mortality of 11%, 
improvement being noted in 41 cases. 

Wiittemore®'^ has advocated the exteriorization of the affected lobe 
with subsequent removal by slough caused by constriction of the pedicle. 
This procedure with the attendant risk of secondary hemorrhage has 
not been widely adopted. 

Drainage of bronchiectatic cavities through the ehest wall has been 
associated with a high mortality, 62% Mumford, and Robinson,®^ and 
73.3%, Korte,®® and, unless followed by cautery pneumectomy, offers 
little in the way of curing the lesion. 

Despite the many remarkable results attained, it must not be for- 
gotten that methods of treatment other than surgical excision of dis- 
eased lobes are available. These methods are not only efficacious in 
selected cases as forms of palliative therapy but are useful and usually 
necessary in preparing the patient for lobectomy. Chief among the 
non-operative methods of treatment is drainage of the dilated ca^dties. 
The simplest method of affording drainage to bronchiectatic cavities 
is by means of coughing and posture. Stimulation rather than suppres- 
sion of cough is indicated.®^ Frequently it is possible for the bronchiec- 
tatic patient to remain free of foul-smelling sputum, and in a fair state 
of health by routinely placing hiinself in a position favorable for empty- 
ing the dilated bronchi by means of gra\’ity. Bronchoscopy in addition 
to its aid in diagnosis can materially aid in removing excessive amounts 
of puddled material from the bronchi.®®-®® The relation of accessory 
irasal sinus disease to bronchiectasis has been referred to. The impor- 
tance of treating sinus infections in cases of bronchiectasis is now well 
known by all those interested in pulmonary suppuration. 

The use of arsenicals directed against fusospirochetal infection so 
frequent in putrid bronchiectasis has no merit in affecting the dilatation 
of the bronchi. In the control of the superimposed infection it may be 
of some value. 

r.' Methods of treatment designed to empty bronchi by collapsing the 
lung have a very limited field of usefulness. I^ffien one examines the 
dilated bronchi in well developed cases of bronchiectasis, it is apparent 
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that collapse therapy can have little effect on the resistant, thickened, 
dilated bronchial walls. Graham,®® however, reported a mild case in 
which this treatment was efficacious. 

Phreniceetomy, artificial pneumothorax and thoracoplastic opera- 
tions designed to obliterate dilated bronchi have been reported as suc- 
cessful in the treatment of bronchiectasis. The permanently improved 
cases are, however, fev' in number. In general these procedures alone 
hav^e little value in the treatment of bronchiectasis. That these pro- 
cedures may actually be detrimental has been suggested by some 
authors.®’ Graham, Singer and Ballon®-’ offer the suggestion that phren- 
icectomy may be harmful in that it decreases the efficacy of natural 
mechanisms for emptying the bronchi. Associated with lobectomy 
these procedures have found favor either preliminary to or subsequent 
to the removal of the diseased lobe. At best medical treatment must be 
considered as palliative and not curative in well developed cases. 
Roles and Todd®’ reported tliat 10 of 14 cases of dry bronchiectasis 
treated medically became infected within G years. Of 49 cases of 
bronchiectasis treated medically, 23 were dead within a 6-year period 
and' 9 were totally incapacitated. These authors feel that the results 
are poor not only because it fails to afford permanent relief, but because 
spread of the condition may and does occur in a short time and prevents 
patients from being suitable for radical therapy. They feel that lobec- 
tomy is the treatment of choice in all cases and warn against other 
forms of treatment. That these authors’ pessimism concerning the 
efficacy of medical treatment is not wholly concurred in by their col- 
leagues is evidenced by objections raised by letters to the British Medi- 
cal Journal following the publication of their article.'*’'®®-®®'’® 

The indications for the various forms of treatment at the present 
time are not clearly defined. Bronchiectasis has always been a difficult 
condition to treat and the results have been generally poor. The 
renewed intere.st in this condition during the past few years will result 
in a better understanding of the possibilities of various forms of treat- 
ment but not until enough time has elapsed for a study of the end 
results over a long period. At present there is much divergence of 
opinion with regard to the best procedure in early mild cases. In 
advanced Ciises with hard fi.xed bronchi, lobectomy offers the best 
means of cure. Whether any true case of bronchiectasis is every cured 
by medical means is doubtful. That many are carried along in rela- 
tively satisfactory health is apparent. Whether early, mild localized 
cases should be subjected to loI)ectomy at a time when the operation 
is most likely to be successful, is in most cases decided by the patient, 
most of whom are unwilling to undergo a svirgical procedure of such 
gravity unless quite ill. Kach case requires individualization. The 
factors by which one. may decide between palliation and an attempt 
at radical cure are numerous. The recent impetus to- the surgical ap- 
proach to this condition should clarify these factors. 

I. S. R.vvnix, M.D., .vxn 

C. G. Johnston, jM.D. 
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NUTRITIONAL DISEASES AND THE EYE. THE ROLE OF 

VITAMIN B. 

In the February, 1934, number of this Journal, Benedict reviewed 
the subject of nutritional diseases and the eye witli special reference 
to the effects of deprivation of vitamin A. Brief mention was made 
of the report by Day, Langston and O'Brien on the development of 
cataracts in e-xperiincntal animals on a diet low in vitamin G (Bo). 
Further studies on the ocular lesions produced by experimental depriva- ' 
tion of vitamin G have been carried on by O'Brien, by Langston, Day 
and Cosgrove,* and by Yudkin and his associates.- Langston, Day and 
Cosgrove reported the findings in a series of young albino mice wliicli 
ivere placed on a diet entirely adequate except for the total absence 
of ■vitamin G. Seventy-nine per cent of the animals showed kera- 
titis after an average of 43 days of the diet, 90% developed cataracts 
after an average of 4S days, and 57% developed general ophthalmia 
after an average of 50 days of the diet. These cataracts were pri- 
marily of cortical type but went on to complete, matme opacit.i' of 
the lens if the animal lived long cnougli. Yudkin noted lenticular 
changes in 6 of S young rats kept for 10 weeks on a diet free from 
vitamin G. The lens changes developed completely in 7 daj's. He 
stated, however, that lens changes had not developed in older animals 
that had been kept for 3 months on a diet defieient in vitamin G, and 
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he was not sure that these experiments could be interpreted as indi- 
cating a cause of cataract in the human. He brought out the fact 
that the incidence of cataract in human pellagra was not especially 
high. O’Brien® was able to arrest the progress of lenticular changes 
in experimental animals by adding vitamin G to the diet, and in one 
of Yudkin’s® rats an early opacity of the lens absorbed after feeding 
with vitamin G. Cosgrove® studied a series of patients with senile 
cataracts from the standpoint of vitamin G deficiency. He found that 
the majority of them ate only small amounts of food rich in vitamin G 
and that persons of similar age on a balanced diet did not develop 
cataracts to maturity dm-ing a 6-year period of observation. 

In a further study of experimental cataract, Yudkin and Arnold^ 
were able to produce cortical cataract in young rats after 70 to 94 days 
on a diet containing 70% lactose. Nuclear cataracts developed in 
young rats after 11 to 14 days on a diet containing 50% galactose, 
after 10 to 14 days with 35% galactose, and after 14 to 20 days with 
25% galactose. In older rats, cortical cataracts developed after 
21 days on a diet containing 50% galactose. Yudkin suggests that 
these cataracts may be caused by the disturbance of calcium metab- 
olism induced by lactose and galactose or by the direct action on the 
lens of increased percentages of those sugars in the aqueous. The 
theory of faulty calcium metabolism is supported by the known clinical 
association of cataract with endemic and postoperative tetany, with 
rickets, and with spontaneous hypoparathyroidism. 

In this country, at least, the association of ocular lesions with the 
vitamin G deficiency of primary pellagra has not received particular 
attention. The occurrence of pellagra-like syndromes secondary to 
gastro-intestinal disturbances and chronic alcoholism has been rather 
generally recognized. In 1934, Levine® reported a case of bilateral 
acute optic neuritis in “ alcoholic pellagra.” The neuritis cleared up 
with return of the vision to normal after several months on a balanced 
diet with added amounts of vitamin B 2 . Levine stated that Quagliano 
had observed pellagrins with hemeralopia; that Bietti had seen optic 
neruitis in many cases of pellagra; that Krylov, in Russia, among 
36 cases of pellagra, saw cataract formation even in children, paleness 
of the nerve heads, sluggish pupils, narrow vessels, scotomas for red 
and green in advanced cases, diplopia, hemeralopia and hallucinations, 
and that Kandelald observed diplopia, cataracts and hemeralopia. 
These findings might be considered to indicate general nutritional 
deficiency rather than specific effects of vitamin G deprivation. Bris- 
tow'^ stated that routine and special examinations of the pellagrins 
admitted to the South Carolina State Hospital for the Insane had 
failed to reveal any very characteristic ocular lesions. A number of 
years ago the author had the opportunity of seeing quite a few cases 
of pellagra of varying degrees of severity. The only striking ocular 
complication noted was ulceration of the cornea in some of the more 
advanced cases. The eyes showed, as a rule, little inflammatory 
reaction, the ulcers responded very poorly to treatment and progressed 
to complete sloughing of the cornea in several instances. 

The occurrence of ocular lesions in association with deficiencies of 
vitamin Bi seems to be more definitely established than in the case 
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of vitamin B2. It is true that primary beriberi is probably rare in 
this country. In other countries, retrobulbar optic neuritis has been 
reported in beriberi by Fernando,® by Shimazono, and by Katajama,® 
Katajama was able to demonstrate degeneration in the medullary 
sheaths and axis-cylinders of the optic nerves in experimental depriva- 
tion of vitamin Bi, jMoore*® reported a high percentage of visual 
defects apparently on the basis of retrobulbar neuritis occurring in a 
group of- nati^'e South African students who lived largely on a diet of 
cooked manioc or cassaA'a which contains a high percentage of starch. 
He noted that in the early phases of the disease, vision could be restored 
to normal by proper additions to the diet. In the more advanced 
stages, the i'isual defects were permanent. Moore was uncertain 
whether the optic nerr-e lesion was due to a vitamin deficiency or to 
a direct toxic efi'ect of the manioc. He considered the vitamin defi- 
ciency the more likely cause. In this connection the case reported by 
Kepler'^ is of considerable interest. He found bilateral optic neuritis 
with secondary optic atrophy associated with a beriberi-like syndrome 
in a colored woman wlio had lived for some time on a diet consisting 
mainly of raw laundry starch. 

In this country, however, more importance attaches to the types of 
deficiency neuritis which occur in association rvith dietary deficiencies 
resulting from gastro-intestinal disturljances of varjdng sorts. Chris- 
topher, Paskind and SnorP- reported 2 cases in which multiple neuritis 
developed after operations on the biliary tract. They e.vpressed the 
opinion that the neuritis was due to avitaminosis resulting from pro- 
longed postoperative vomiting which had lasted for 41 days in the 
first case and 43 days in the second case, Wechsler’® reported S cases 
of multiple neuritis which he thought Avere caused by avitaminosis 
resulting from prolonged vomiting, gastro-intestinal disturiiance, or 
restriction in diet. Recently, Wagener and Weir reported 2 cases of 
rapid loss of vision associated Avith nystagmus, ocular muscle paralysis, 
and mental confusion Avhich occurred as complications of prolonged 
})OstoperatiA’e A’omiting. The loss of A'ision was due in the first case 
to optic neuritis and in the second case to retrobulbar neuritis. The 
symptoms in both patients improA'cd rapidly after the cessation of the 
A-omiting and the addition of intramuscular doses of liA'er extract to a 
balanced diet. 

JoHilfe, Colbert and JofiV’ haA-e confirmed the belief of Strauss that 
the peripheral pol^TACuritis of the alcohol addict is attributable to the 
deficiency of vitamin Bi and not to the toxic efi'ect of alcohol. It .seems 
l)robablc from the obserA’ations of Shastid,'^ Keefer'® and others that 
the deficiencA' of A-itainin Bi resulting from restricted diet may be at 
least partially responsible for the retrobulbar oj)tic neuritis or toxic 
amblyopia usually ascribed to the overuse of alcohol and tobacco. 
Addition of vitamin A (Yudkin-) or A'itamin Bi (Shastid'®) to the diet 
is said to hasten recoA'cry in these cases as Avell a.s in cases of optic 
neuritis of indeterminate origin. It has been suggested also by Keefer’® 
that the retrobulbar optic neuritis .seen at times in nursing mothers 
and spoken of Iiitberto as “lactation optic neuritis’’ may really be due 
to avitaminosis. 
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Winans and Perry^'^ expressed the opinion that the polyneuritis 
associated with pernicious vomiting of pregnancy is a deficiency disease. 
They found that the disease responded favorably to' the intramuscular 
administration of liver extract and they considered the deficiency to 
be largely one of vitamin Bi. , Optic neuritis occurs at times in per- 
nicious vomiting of pregnancy, often in association with polyneuritis 
or neuronitis as reported by Berkwitz and Lufkin.^® In these cases 
the optic neuritis is most probably also due to deprivation of vitamin Bi. 
It seerns probable that the hemorrhages in the retina which are seen in 
some severe cases of pernicious vomiting of pregnancy as reported by 
Stander^® are also manifestations of vitamin deficiency, Avhether of 
vitamin Bi or vitamin C it is difficult to say. However, in a case 
recently reported by Wagener and Weir, the hemorrhages disappeared 
rapidly under intramuscular administration of liver extract. 

"Wliile clinical reports of ocular lesions dependent on or associated 
with deficiencies of vitamin Bi and Ba are rather scattered as yet, in 
this country at least, it would seem that enough experimental and 
clinical data are accumulating to indicate that deficiencies of these 
vitamins may play a more important role than is generally appreciated 
in the causation of acute and chronic affections of the optic nerve and 
perhaps of the ocular muscles and of hemorrhagic lesions of the retina. 
The words of Winans and Perry^'^ might well be applied to optic neuritis 
and retrobulbar optic neuritis; “The nutritional background of a 
considerable portion of the population is such as to provide for the 
development of deficiency polyneuritis under a variety of conditions. 
Marked changes in the diet may decrease the intake of the vitamin B 
complex below the necessary minimum. Alcoholism, intestinal opera- 
tions, and prolonged gastro-intestinal upsets, including the vomiting 
of pregnancy, may all serve to develop this disease. In any continued 
illness associated with loss of appetite, the possibility of the develop- 
ment of polyneuritis must be borne in mind.” 

H. P. Wagener, M.D. 
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ERRATUM. 

In the page advertisement in the July issue of The National Drug Company 
of Philadelphia the word grand appeared instead of the word giant. The paragraph 
should have read: “We offer a special Rag Weed Antigen Outfit complete for diag- 
nosis and treatment of Fall Hay Fever for SIO. Contains two diagnostic tests for 
mixed grasses and giant and dwarf rag weeds; 1 ampul-vial each Scries ‘AA’, ‘A’ and 
*B’ Rag Weed Antigen; 25 cc. ampul-vial Sterile Salt Solution for dilution of antigen 
if needed ; 25 cc. ampul-vial Epinophrin 1-1000 to control local or systemic reactions." 
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I. 

The passage of blood-stained urine engaged the attention of the 
earliest medical observers. Both Hippocrates^ and Galen^ attrib- 
uted an evil prognosis to the occurrence of black urine. The term 
included not only hematuria but probably, hemoglobinuria as the 
modern title “black water fever” suggests. However, it was not 
until 1883 that Ponlick^ differentiated hematuria from hemoglo- 
binuria and determined that the latter resulted from an antecedent 
hemolysis and hence, from hemoglobinemia. ^ATiile all hemoglo- 
binurias dependent on intravital hemolysis have many clinical 
features in common, the causes have been classified for purposes 
of discussion as exogenous and endogenous. 

The hemoglobinurias of exogenous origin are associated with 
infections and intoxications and are discussed in the monographs 
devoted to the subject. Recently, a new member was added to this 
group when the discovery was made that the consumption of fish 
or eels containing resinous acids was followed by a malady, a feature 
of which is “hemoglobinuria.” 

The disorder is indigenous to the environs of IConigsberg in 
Germany and is Imovm as Haffkrankheit.^ 

VOL. 192, NO. 3. — SEPTEMBER, 1936 
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Poisonous resinous acids are a byproduct of the cellulose factories of 
Konigsberg and find their way through drainage into a nearby inlet or 
“Haff.” All the fish .and certain eels in the inlet ingest the poisonous acids 
and become “Haff sick.” If these fish containing the resinous acids are 
eaten by the villagers Ihdng adjacent to the water or by their cats, cats 
and human beings are taken ill with this singular rnalady. 

In man the Haff disease manifests itself by the appearance of “hemoglo- 
binuria” and by a disorder of the musculature characterized by severe pain, 
stiffness and limitation of movement. The attacks have a remarkable 
tendency to appear paroxj^smaUy. If the disorder leads to death necropsj' 
discloses degeneration of the striped muscles. 

The manifestations of the disease have been produced experimentally 
by feeding resinous compounds to fish. Cats fed on these fish also become 
ill and develop “hemoglobinuria” and progressive impairment of gait. 
At autopsy the striped muscles are grayish-red and resemble fish flesh. 

We shall see later how greatly tliis curious Haff disease resembles 
a rare variety of so-called paroxysmal hemoglobinuria appearing 
spontaneously in man. 

'^Wiile referring to hemoglobinurias of exogenous origin another 
pertinent syndrome little known in this country should be men- 
tioned. It is favism. In 1933, we became indebted to Thomas 
McCrae and J. C. Ullery® for tlie only report of a case in the English 
language. Favism is caused by inhalation from blossoming bean 
plants of the species vicia fave or bj-- ingestion of the beans, either 
raw or cooked. It occurs most frequently in Sicil}’’ and southern 
Italy. The most spectacular feature of favism is the sudden occur- 
rence of hemoglobinuria. The symptom complex includes, however, 
prostration, fever and acutely developing anemia and jaundice. 

Since in animal cxTierimentation with the offending bean an 
anaphylactic reaction has been obtained after tlie animals had 
been previously sensitized, it has been suggested that the symptoms 
in man rejiresent a hypersensitiveness to the protein of the bean 
and its blossom. 

While the hemoglobinuria of faAUsm is exogenous in origin, so 
far as the introduction of the blossom or bean into the body is con- 
cerned, there is likewise an endogenous mechanism in operation 
productive of the anaphylaxis ■which is assumed to be responsible 
for the disorder. Therefore, this A'ariety of hemoglobinuria may be 
viewed as a transition from the exogenous to the endogenous group 
of hemoglobinurias which we shall now proceed to review. 

11 . 

An endogenous causal factor is evidently the im])ortant element 
in the mechanism provocative of certain heinogloliinurias classified 
in the foreign literature as the paro.xysmal hemoglobinurias. 

In this countrA' jiaroxysmal hemoglobinuria has been used SA-nony- 
mously Avith hemoglobinuria proA'okal by chilling. However, the 
term as used in the conqirehensiA-e German rcvicAvs includes 3 
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types, namely, cold, march and the so-called paralytic hemoglobin- 
urias. A new fourth tj^pe was added when, in 1931, Micheli® 
described a well defined clinical entity a prominent feature of which 
was paroxysmal hemoglobinuria. The description concerned a 
patient whom he as well as Marchiafava^ had seen from time to 
time. It is this form which the title of the present communication 
describes. During paroxj^sms, perhaps all 4 but at least 3 of these 
tj^es have in common, hemolysis leading to hemoglobinemia and 
hemoglobinuria. Nevertheless, the exciting cause of the attack, 
when demonstrable, varies in these several types of paroxysmal 
hemoglobinurias and together with their clinical manifestations 
justifies their separation. 

In respect to causative factors cold hemoglobinuria is best under- 
stood. Mackenzie® traces the historic development of our knowl- 
edge of the 3 criteria by which this fonn of paroxysmal hemoglo- 
binuria is usually differentiated: syphilis, chilling and the presence 
of the Donath-Landsteiner test. 

The march variety as its name suggests follows excessive bodily 
exertion, particularly that involved in walking or marching. 
Fleischer^ described it first, in 1881, in the case of a soldier who 
after a long march suddenly voided a typically hemoglobinuric 
urine. The only report of a well studied case in English is that of 
Watson and Fischer^i of London, Canada. These authors suggest 
that march hemoglobinuria “is an exaggeration, exemplified in 
certain predisposed individuals, of a more or less naturally occurring 
phenomenon.” As corroborative evidence they call attention to the 
observations of Feigh® who found blood pigment in the serum and 
urine of more than half of 27 men after an army pack march of 
35 kilometers. The lordotic position has been considered a decisive 
factor with the implication that there exists some relation between 
march hemoglobinuria and orthostatic albuminuria. 

Not to be disregarded is the suggestion of Watson and Fischer 
that there is an affinity between march hemoglobinuria and the so- 
called paralytic hemoglobinuria that has been observed in both 
man and beast. The modifying epithet “so-called” is used advisedly 
because the discoloration of the urine in these cases has been demon- 
strated to be due to myoglobin, a constituent of muscle fibers, rather 
than to hemoglobin. Paroxj^smal paralytic myoglobinuria plays 
a more important role in equine than in human patllolog}^ The 
similarity of some of the clinical features and especially the resemb- 
lance of the degenerative changes in the muscles of the horse and 
of the few human victims of the disease warrant a short digression 
into veterinary medicine. 

The recognition of equine “hemoglobinuria” now generall;^' 
classified as myoglobinuria, antedates by many years the discovery 
of an analogue in human clinical pathology. The pioneer work in 
this line is Bollinger’s contribution in 1877.^® 
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Still knoim as “ hemoglobinuria ” among many veterinarians the disorder 
affects prewously healths'-, vigorous horses who have stood resting in their 
stalls for one or more days, but who are still feeding on their usual diet. 
After such a “holiday,” they are taken out to -work one morning when 
yritloin a few minutes, the susceptible horse exhibits stiffness and lameness 
in one or both hind legs; urged on, the legs lose power rapidly and the 
animal finally sinks to the groxmd. Coincidentally there may be muscular 
tmtching, sweating, dyspnea and fever. The most striking accompaniment 
is the dark red, “hemoglobinuric” urine. Death may ensue in the course 
of a few days. If a fatal issue does not take place, a residual paralytic con- 
dition with atrophy may remain for weeks, months or years. Nevertheless, 
complete regeneration may eventually take place. The animal that has 
recovered may suffer from repeated attacks; the affection is truly a paroxys- 
mal, paralytic “hemoglobinuria.” At autopsies, the muscles involved are 
very pale, edematous and of a grayish-yellow color like “fish flesh."'-' 

Directing attention to the parallelism of equine paralytic hemo- 
globinuria with the condition he -was recounting, Meyer-Betz,'^ in 
1910, described the case of a boy -who exhibited a peculiar tj'pe of 
'^hemoglobinuria” associated with widespread muscular paralyses, 

The boy, aged 13, was admitted to Friedrich Muller’s Clinic in November, 
1909, in a state of collapse. Two days after an attack of abdominal pain 
he voided urine which was black in color. Annually, since his tenth year 
he had had one or two such paroxysms accompanied by great muscular 
weakness. In 1907, it was noted that in addition to the discolored urine 
the shoulder girdle muscles were atrophic, the gastrocnemius muscles were 
large and hard. The diagnosis was recorded as “progressive muscular 
dystrophy of the hypertrophic type.”_ In 1909, following another attack 
of “black urine,” the muscular disability while marked was “rather better 
than worse.’.’ The diagnosis was reidsed to read "muscular dj'-strophy.” 
Later in the year he suffered an attack of muscular weakness "of such a 
degree that he appeared moribund.” The urine was bloody. From such a 
serious state his improvement was rapid and spectacular. This time the 
diagnosis was hemorrhagic nephritis and muscular dj'strophy. Finallj', 
Meyer-Betz correctly evaluated the "hemoglobinuria" and differentiated 
the muscular paralyses and contractures from those of the classic dystro- 
phies. The boy recovered in a few months with only a residual contracture 
of the right Achilles tendon. 

Since Meyer-Betz’ publication only 3 similar cases have been 
reported; Giinther’s'® (1924), Paul’s'’ (1924) and Hittmair’s'* 
(1925). Autopsies in both Gunther’s and Paul’s cases yielded 
patliologic evidence to complete the resemblance between the 
equine and human tj-pes of paralytic “hemoglobinuria:” the affected 
muscles resembled "fish flesh!” It -^vill be recalled that the same 
descriptive term was used to characterize the appearance of the 
muscles of cats and men dead of Haff disease. In all these paralytic 
disorders accompanied by abnormally colored urine the pigment is 
apparently derived entirely or in greater part from the muscles. 
Tins origin is suggested by the pallor of the muscles to which repeated 
reference has been made. Secondly, anemia of any noteworthy 
degree such as w'ould result from hemolysis is absent Alost im- 
portant testimonv of all has been afforded by the spectroscopic 
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disclosure of myoglobin in the blood and urine in the equine dis- 
order^® and in the Half disease of man.®® 

Although the term “hemoglobinuria” persists in the literature of 
these paralytic maladies under consideration, all recent writers 
consider it a misnomer for which myoglobinuria should be substi- 
tuted. It would be interesting to apply this precise spectroscopic 
technique to the investigation of future cases of typical or atypical 
paroxysmal hemoglobinuria especially of the march variety to 
determine if perchance, myoglobin may share in the discoloration 
of the urine. 

III. 

* 

Reverting to the statement that the discussion in the monographs 
devoted to^ the paroxysmal hemoglobinurias in man was limited to 
the cold, march and paralytic varieties it will .be recalled that, in 
1931, Micheli added what a German author® subsequently called 
“the fourth form.” This form Micheli established from a study of 
13 cases described here and there in many languages, including one 
in English.®® Three more references to the newly recognized syn- 
drome were given by Rosenthal® in his paper published in 1932. 
He added a 17th case of his own and stimulated a pupil, Rudolf 
Meyer,®^ to write an inaugural dissertation on the subject in 1933. 
An 18th case is included in the dissertation. Two further examples 
of the “new form of paroxysmal hemoglobinuria” have since been 
published and we shall now proceed to summarize an account of 
the course of this disorder in each of 2 patients who have been under 
our observation. 

Case 1. — The patient, now a married woman, is at the present time 
(1936) 28 years of age. She has been under observation intermittently for 
a little over 10 years for a disorder which first manifested itself by the pas- 
sage of darkly colored urine at the age of 18. 

Her mother and brother were subject to hay fever. 

The patient’s medical history had been previously uneventful. 

In mid December, 1925, she observed after an attack of abdominal pain 
the discoloration of the urine just mentioned. The following night she 
made a similar observation. T\Tien examined several days later pallor of 
the skin and mucous membranes was noted; a systolic murmur, maximum 
oyer the pulmonic area, was heard; the abdominal examination was nega- 
tive. _ The urine was dark amber, contained a trace of albumin and an 
occasional pus cell. 

The patient was not seen again until September, 1926, when she com- 
plained of fatigabibty. There was a historj’- of repeated transient darkening 
of the urine. A distinct anemia had developed. The red blood cells num- 
bered 3,400,000; hemoglobin 49%; leukocytes, 4950 with a normal differen- 
tial count. During the latter part of the year there were a number of par- 
oxj’^sms of what was now recognized as hemoglobinuria. The attacks lasted 
a few daj's during wliich the urine was at times almost black by reflected 
light and a deep Burgundj'^ red by transmitted light. Two of the paroxysms 
of tliis period were preceded b}’- upper respirator}’' infections. Icterus was 
now evident. 
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Throughout most of the year 1927 the yoimg woman led a fairly active 
life. >She reported that often 2 or 3 days before a menstrual period mahog- 
any colored urine was voided. The relation to the menstrual cycle was 
not invariable. It was observed, however, that the most deeply pigmented 
urine was always voided during the night and early morning hours. 

After a severe attack of hemoglobinuria prolonged to 2 weeks she entered 
this hospital (Unit No. 9216) on November 16, 1927. She had lost no weight, 
the skin and mucous membranes were pale. The sclera; were tinged a light 
yellow. Inspection of the rhinophar 3 mx revealed nothing abnormal. The 
cervical Ijunphatic glands were not enlarged. The lungs were clear. The 
sj^stolic murmur prewously noted was present. Blood pressure 128/48 mm. 
Neither the edge of the liver nor the spleen was palpable. The basal metab- 
olic rate was 4-16. The blood smear revealed marked anisocytosis and 
poikilocytosis; no_ nucleated red blood cells were seen. Reticulocytes were 
10%. The fragility of the red blood cells was normal. The Wassermann 
reaction was negative. The Donath-Landsteiner test was likewise negative. 
The blood non-protein nitrogen was 36 mg.%; sugar, 92 mg.%, cholesterol, 
175 mg. %. The patient's blood was of Group II (Moss). Roentgenologic 
examination discovered a non-union of the base of the sacnun. 

During the 3 W’eeks following admission to the hospital there were 2 
paro.x}^sms of hemoglobinuria of several dej's’ duration. In some specimens 
of the urine red blood cells were discovered; hemoglobin and methemoglobin 
were demonstrated. During these attacks of hemoglobinuria auto- and 
isohemolysins were found in the blood only to disappear when the paroxysms 
had terminated. 

In 1928, there was little subjective evidence of illness but the anemia 
persisted in varying degree, the icteric hue fluctuated, paroxysms of hemo- 
globinuria were frequent— aU in spite of many vain efforts to prevent the 
attacks. The patient’s activities were limited; exposure to chilling was 
avoided; she was given iron, arsenic, liver .and potassium iodid. In the 
summer of 1928 an attack of hemoglobinuria lasted almost 2 months. 

In Januaiy, 1929, phlebitis supervened. The left saphenous vein was 
affected. During the year the hemoglobin never rose above 60%; in the 
acute seizures it fell as low as 30%. There were infreejuent attacks of pain 
in the right lateral abdominal region, sometimes accompanied by vomiting. 

For two months of the winter of 1930 the patient was the victim of a 
psychosis characterized by delusions of persecution and sex obsessions. 
From the mental disturbance she made a complete recovery. 

Having become so familiar with the characteristic features of her disorder 
she rarely sought medical advice during the next 4 years. In 1933, she 
married and cared for her own household. 

For a particularly severe jiaroxj'sm of hemoglobinuria in June, 1934, she 
was once more admitted to the hospital. This attack was accompanied by 
prccordial distress, the temperature rose to 102°; the pulse, 120. The red 
blood colls numbered 1,280,000; hemoglobin, 39%; leukocytes, 2500. The 
mc!\n corpuscular volume was 90 cu. microns. There was definite jaundice. 
The icterus index was 16. Although the exacerbation was severe, it lasted 
only 3 days. 

In September, 1935, the condition was complicated by the appearance 
of cystopyclitis. For about 4 months she had recurring attacks of fever 
with a maximum of 105°. The ])yrcxia was attributed to the urinaiy tract 
infection with the colon baciUvis. In spite of the repeated febrile seizures 
there was only one severe paroxj-sm of hemoglobinuria occurring in October 
and lasting less than 24 hours.' The hemoglobin fell to 25%. Since thi.s 
attack hemoglobinuria has not returned but oxyhemoglobincmia and 
urobilinuria have been demon.strated repeatedly. In this period, too, com- 
prehensive skin sensitization tests were undertaken without significant 
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results. The urine has contained albumin, pus cells, a few red blood cells 
and granular casts. The casts and amorphous detritus were stained yellow : 
the pigment gave the Prussian blue reaction for iron. The stool exhibited 
an excess of urobilin. 

At present (February, 1936) while psmria persists, there is no fever and 
the hemoglobin registers 60%. The subject of this extraordinary medical 
history has resumed her household duties and is leading a fairly normal life. 

Case 2. — ^An automobile mechanic, white, aged 29, was admitted to 
this hospital (Unit No: 48198) on March 9, 1933, complaining of attacks 
of discoloration of the urine and weakness of one j'-ear’s duration. The 
patient’s general health had been good. 

A dark discoloration of the urine was first noted a year before admission. 
Subsequently there were frequent nose bleeds and hemorrhages from the 
gums. The patient became weak and tired readily. Dyspnea and tachy- 
cardia on exertion were prominent. There were occasional vague pains 
beneath the sternum. Four months before entry the symptoms were aggra- 
vated, at which time the patient observed that his urine was dark broivn in 
the morning. 

On admission his temperature, pulse and respiration were normal. Blood 
pressure was 120/65 mm. The slan had a yellowish tint; there was pallor 
of the mucous membranes. His heart was normal except for the presence 
of a systolic murmur. Neither the liver nor spleen was felt. 

The erythrocyte count was 2,790,000; hemoglobin 62%, leukocyte count 
4050; neutrophils 63%, lymphocytes 33%, monocytes 4%, an occasional 
normoblast was found. The mean corpuscular volume of the red blood 
cells was 104 cu. microns. Platelets, reticulocytes, bleeding time, clotting 
time and clot retraction were normal. The blood was Group IV (Moss). 
The Wassermann reaction was negative. In the urine albumin was present 
from time to time, frequently jn considerable amounts. Urobilin was found 
almost constantly. The benzidin test was often positive. Microscopically, 
there were observed a few white blood cells and a rare hyalin cast as well 
as small brownish granules in profusion, both intra- and extracellular, the 
exact nature of which was not determined. Non-protein nitrogen was 28 
™g- %; Van den Bergh test, 1 mg. %. The gastric juice revealed free 
hydrochloric acid after the injection of lustamin. Roentgenologic examina- 
tion showed non-union of the top of the sacrum. 

During the patient’s stay of 4 months in the hospital there occurred 3 
spontaneous attacks of hemoglobinuria. Spectroscopic examination con- 
firmed the presence of hemoglobin in the urine. It was noted repeatedly 
that the specimen voided between midnight and 6 a.m. was much darker 
and gave a more positive benzidin reaction than the day specimens. That 
this was not a phenomenon of simple concentration was proved by forcing 
liquids during the night so that the nocturnal output equalled or exceeded 
the diurnal. Under these circumstances the greatest excretion of pigment 
still occurred at night. After the attacks of hemoglobinuria the patient 
became jaundiced ivith an icterus index as high as 20. The Donath-Land- 
steiner test was repeatedly negative. During the-e.xacerbation of hemoglo- 
binuria early in May the liver became palpable. Further studies of the 
blood determined that the fragility was normal. Just after the onset of the 
first attack of hemoglobinuria reticulocytes rose to 10.4 %. 

Therapy directed toward the anemia produced only transitory improve- 
ment. Several bouts of hemoglobinuria occurred during the next few 
months. Thus, he continued until Januarjq 1935, when he entered the 
Memorial Hospital in Richmond. Allergic studies made at this time were 
negative. 

In jMarch, 1935, he was transferred to the Hospital of the University 
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of Pennsylvania.* Red blood cells -were 1,900,000; hemoglobin, 31%; 
leukocytes, 9000 with a normal differential count; reticulocjdes, 37%. 
Hemolysis began at 0.50%_salt solution and was complete at 0.35%. 
With the hope of favorably influencing the hemolytic process spleneetomy 
was performed on April 15, 1935. Before operation two transfusions were 
followed by severe reactions with fever and hemoglobinuria; while post- 
operative transfusions proceded uneventfully without any unpleasant 
sequelte. The spleen weighed 360 gm.; the sinuses contained a moderate 
amount of blood, the splenic pulp was normal. 

A few days after splenectomy the patient developed otitis media and 
mastoiditis for which mastoidectomy was performed. A streptococcus 
septicemia supeiwened. From these he recovered, so that in September, 
1935, he was discharged unproved but continued to have paroxysms of 
hemoglobinuria and was still markedl 3 ’' anemic. 

The patient's present condition (December, 1935) is aptly expressed in 
his own words: “On my best days, the urine is black only in the morning; 
on the worst, it is black throughout the entire 24-hour period.” 

Witli the addition of these 2 cases, 22 examples of a peculiar 
disorder accompanied by paroxysmal hemoglobinuria are now re- 
cordedt (Table 1). From the first case published by Chauffard 
and Troisier,-^ in 1908, to the present day the disorder under con- 
sideration has received manj'- titles. Marchiafava’ called it “anemia 
emolitica con emosiderinuria perpetua;” Hijmans van den Bergh-® 
had named it “ictere hemolytique avec crises hemoglobinuriques;” 
Enneking,*^ “hemoglobinuria paroxysmalis noctuma” w'hile Rosen- 
thal commemorating the basic work of Marchiafava and one of his 
collaborators, suggested the Italian’s title, adding “of the Marchia- 
fava-Micheli type.” We venture to describe the symptom complex 
as chronic hemolytic anemia with paroxysmal nocturnal hemoglo- 
binuria. The title implies the prolonged duration of the disorder, 
the fundamental hemolytic state and the characteristic attacks 
of hemoglobinuria. It does not include the term icterus which is a 
concomitant of the hemolysis, because its inclusion may perpetuate 
the confusion wdth well known forms of hemol3i;ic jaundice from 
which it should be separated. In the interest of brevity we shall 
hereafter often refer to the condition as chronic hemolytic anemia. 

Chronic hemolytic anemia chieflj’^ affects males. Of the 22 patients 
under consideration only 6 are -women. The age incidence of onset 
lies chieflj' in tlie third and fourtli decades; the youngest is Scheel’s-’' 
patient of 15, while the oldest is Salen’s-® who was 47 years of age. 

In none is there a familj' historj- of the disease or of any allied 
disorder. Previous illnesses apparently’ play no predisposing part: 
neitlier syTihilis nor malaria is a causal factor. The onset is insidious; 
increasing pallor and varj’ing degrees of jaundice are usually the 
first signs of ill health. Pain in the abdomen and back may be the 
initial symptom. 

* The pationt was ndmittocl on the Ecrvicc of Dr. O. H. P. Pepper, to whom we arc 
indebted for the privfleBO of quoting from his records. 

t Since this paper was written two additional references to case reports of this 
malady have come to our attention: Falkiewicr, A., and Musial, W.. Win. 
Wchnschr.. 14, 1078. 1935, and Trestini, S., Policlinico (Sci. mcd.) 42, 650, 193;). 
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Soon or late there are added to the anemia and ictei-us, paroxysms 
of hemoglobinuria. In onr 2 patients the discoloration of the urine 
led them to seek medical advice. On the other hand, years may pass 
befoi'e the inception of evident hemoglobinuria. 

Once the syndrome is established the symptoms and signs are 
subject to remissions and exacerbations. The therapeutic measures 
now at our command do not prevent the patient from remaining 
anemic and icteroid though able to carrj- on his activities in a modi- 
fied way. However, without obvious cause he will sufler from sudden 
attacks during which the anemia increases, the conjunctiva? and 
skin will assume a deeper yellow color. Chills and fever may be 
accompaniments. He may be annoyed b3'- precordial distress or by 
abdominal and lumbar pain. The patient, is prostrated and tem- 
poranlj"- disabled. When hemoglobinuria is superadded it varies 
greatlj”^ in intensitj- and duration. It maj- be represented merelj’ 
b^' a reddish discoloration or tlie urine maj’’ be almost black. The 
discoloration maj' be brief : onlj'^ the urine voided during one night 
or in the earh’ morning hours maj-^ exhibit it, the hemoglobinuria 
ceasing during that daj*. On the other hand, hemoglobinuria may 
continue for days or weeks on end, onlj^ to disappear until the onset 
of another paroxj^sm. The nocturnal appearance or exaggeration 
of the hemoglobinuria in some attacks was repeatedly commented 
upon while our 2 patients were under our care. Subsequent!}" we 
discovered that many others had made the same observation. 
We have stated that Enneldng was so impressed by the nocturnal 
rhythm of the hemoglobinuria that he expressed it in the title which 
he gave to the disorder. In the case of Rosenthal’s patient, spon- 
taneous hemoglobinuria disappeared in the last 4 years of his life. 
This patient illustrates the maximum duration of the disorder. 
Beginning at 19 the illness lasted 33 years, death ensuing a few hours 
after splenectomy had been performed. 

Splenectomy accounted for 3 of the 8 deaths in the series of 22 
cases. Removal of gall stones from the common duct was followed 
by a fatal issue in 1 case. One patient died suddenly of mesenteric 
thrombosis; while 1 succumbed to pneumonia and another to 
“grippe.” Fourteen were alive from 1 to 12 years after the onset 
of the disease. 

In addition to the characteristic symptoms and signs of chronic 
hemolytic anemia to which we have referred, there are some incon- 
stant findings. Thus, the size of both the liver and si)lecn varies in 
different iiulividuals. and in the same individual at different times. 

Considering the persistent anemia it is not remarkable that venous 
thrombo.ses are freciuent. Both our patients suffered in the course 
of their illnesses from thrombosis of peripheral veins. Others have 
recorded the same proce.ss in the portal and intracranial vessels. 

Examination of the blood reveals an anemia which may attain 
an extreme degree. The hemoglobin may fall as low as 15%; the 
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red blood cells, below a million.- Reticulocytosis is almost constantly 
present with a marked elevation after one of the hemolytic crises. 
The mean corpuscular volume of the red blood cells in our 2 cases 
was normal or slightly increased. The cellular diameter corre- 
sponded approximately with the volume, so that there is no sphero- 
cytosis such as accompanies hemolytic icterus. Fragility of the 
erythrocytes is normal or slightly increased. ' The leukocytes may 
be normal in number but leukopenia is the rule during attacks; 
the count may be as low as 2000 with a I'elative lymphocjdosis. 
The platelets are usually moderately decreased. Hemoglobinemia 
is constantly found. During the paroxysms bilirubinemia increases. 

In these paroxysms the presence of varying amounts of hemoglobin 
in the urine is obvious to inspection. Its increase in the night speci- 
mens has already been stressed. Albuminuria and urobilinuria are 
constantly demonstrable. Marchiafava was the first to emphasize 
the presence of considerable hemosiderin in the centrifugate. Re- 
garding it of great diagnostic importance it will be remembered that 
his designation for the disease reads “hemolytic anemia with per- 
petual hemosiderinuria.” This iron-containing substance aecounts 
for the yellowish-brown pigmentation of the casts, cellular elements 
and amorphous debris almost constantly detectable in the centri- 
fugate. 

A quantitative estimate of urobilin in the stools yields a high value. 

IV. 

Sufficient evidence has already been presented to differentiate 
chronic hemolytic anemia with paroxysmal nocturnal hemoglobin- 
uria from other paroxysmal hemoglobinurias. Likewise, there are 
sufficient clinical data to separate the disorder from eongenital or 
acquired hemolytic icterus. They include the absence of a heredi- 
tary factor, the infrequency of splenic enlargement, the therapeutic 
failure of splenectomy. Other differential diagnostic criteria are the 
inevitability of hemoglobinuria during the course of the fully devel- 
oped illness in contrast with the extreme rarity of this sign in hemo- 
lytie jaundice, the normal or slightly increased fragility of the red 
blood cells and the absence of the spherocytosis characteristic of 
hemolytic icterus. 

To bear in mind the remote possibility of favism as a cause of 
anemia, jaundice, fever and hemoglobinuria is sufficient to make 
inquiry as to the ingestion of the incriminating bean. Let it be 
likewise remembered that in this country the bean of the species 
vkia fave is used almost exclusively as pigeon food and cattle fodder. 
Finally, in discussing the dift’erential diagnosis of the complaint 
under consideration, the acute hemolytic anemia of Ijcderer is also 
to be considered. The eourse of the disorder soon differentiates it 
from chronic hemolytic anemia. In Lederer’s anemia transfusions 



312 


H^UIBUnGER, BERNSTEIN: 


yield dramatic curative results, while if untreated, death usually 
follows. When recoveiy has occurred, there are no further parox- 
ysms. 

The pathologic anatomic studies of the disorder under discussion 
are founded on 7 autopsies and the examination of 5 spleens removed 
at operation. 

The studies yield evidence that this disorder can be differentiated 
on pathologic grounds as well as on clinical data from hemolytic 
icterus. '\^Tiile now and again as in life, the spleen was found some- 
what enlarged, tliis enlargement was exceptional. Without excep- 
tion, however, the note is made that the splenic pulp is not rich in 
red blood cells as in forms of hemolytic jaundice. 

The tubular epithelium of the kidneys is filled with a yellowish- 
brovm pigment which can be demonstrated to contain iron by the 
Prussian blue reaction. Neitlier the liver nor the spleen exhibits 
this hemosiderosis. 

Gall stones, though suspected several times in life, were discovered 
only once, in contrast with their frequent oecurrence in cases of 
hemolytic icterus. The bone marrow is hyperplastic. 


VI. 

From foregoing references to indhddual cases it may be concluded 
that chronic hemolytic anemia is compatible with life for many 
years. Half of the 8 deaths described in the literature followed 
surgical inter\'entions. Until this syndrome received its proper 
nosologic status, splenectomy was performed on the assumption 
that the patients would receive the same benefit that accrued to 
those suffering from congenital or acquired hemolytic icterus. 
We have seen that in S of the 22 patients of the series the spleens 
were removed, and 3 died immediately after the operation. In 
only 1 of the 5 survivors, the patient of Donati,’^ was there an im- 
provement that might be attributed to splenectomy. IMarchiafava 
and iMicheli have directed attention to a possible by-effect of the 
operation. While before splenectomy their patient tolerated trans- 
fusions liadly; after the operation there seemed to be an immunitj' 
from reactions, an immunity which he lost toward the end of life. 
It must not be assumed that reactions invariably follow transfusions 
in this class of patients because both Giffin’s-'^ and Rosenthal’s 
received lilood without ill effect. 

From the data just prasented it follows that .splenectomy is not 
indicated in the management of this group of patients. Transfusions 
are jironc to be followed by untoward symptoms and a decision to 
introduce blood must be reached Avith this possibility in mind. Our 
first patient has never been transfused during the 10 years of Jier 
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disorder yet her hemoglobin which has been as low as 25% is at 
the time of Avriting 60%. 

Other types of treatment were adopted by Hitzenberger.®® In 
his patient the attacks of hemoglobinuria bore a close relation to the 
menstrual cycle. Therefore, in an attempt to modify the paroxysms 
irradiation of the ovaries was undertaken with the result that for 
6 months there was neither a menstrual flow nor hemoglobinuria. 
However, the therapeutic effect was temporary. Three years later 
although amenorrhea had been reestablished, hemoglobinuria 
recurred and strange to say still in a monthly rhythm. Since the 
hemoglobin excretion was chiefly nocturnal Hitzenberger caused 
his patient to sleep at night in a room equipped with a “sun lamp.” 
It is said that under these conditions the hemoglobinuria and the 
accompanying symptoms were greatly mitigated. 

Analogy warrants the use of the measures employed in treating 
other forms of anemia. Hence, regulation of activities, appropriate 
diet, adequate doses of efficient iron preparations and the intra- 
muscular injections of potent liver extracts are indicated. 

VH. 

Concerning the pathogenesis of the disease little information of 
value is available. Schally®® stresses the significance of a chronic 
sinus infection associated with his patient’s illness. He suggests 
that in some manner the long standing sepsis influences the bone 
marrow so that red blood cells of inferior quality are produced. 
These red cells are more susceptible to hemolysis, not, however, by 
virtue of any change in their osmotic resistance. Accordingly, the 
patient’s red blood cells were hemolyzed in vitro by her own serum 
as well as by a normal individual’s serurn. We have been unable to 
confirm these observations. 

The serum of Enneking’s patient contained both auto- and iso- 
hemolysins. In our first patient’s blood an autohemolysin was 
encountered during one of the attacks of hemoglobinuria, to dis- 
appear at the termination of the seizure. 

The phenomenon of nocturnal exacerbation of hemoglobinuria 
is so striking and constant as to be almost pathognomonic of this 
particular disorder. Attempts to counteract some of the possible 
influences which maj’' act as nocturnal stimuli to the production of 
hemoglobinuria have brought about incomplete alleviation in only 
one instance. Thus, it will be recalled that partial success accom- 
panied continuous irradiation by means of a “sun lamp” in the 
case of Hitzenberger’s patient. Iglauer^® failed to influence any 
of the symptoms by feeding the patient liberally at night and by 
controlling the position in which he slept. We were unable to 
observe any inhibiting effect on the excretion of the hemoglobin by 
increasing the ingestion of liquids at night. 



314 


HAMBURGER, BERKSTEIN; 


Based on some experiments of Bingold,® Schally emphasizes the 
possible importance of the absence of catalase from the hemoglobin 
containing urine. He suggests that catalase in the blood of these 
individuals may be inactivated so that its protective action over 
the integrity of the red blood cell is diminished. 

A suggestive clue is supplied by Salen who reports that he over- 
came the nocturnal rhythm of hemoglobinuria in his patient by 
parenteral administration of typhoid vaccine or milk. Diurnal 
hemoglobinuria followed the experiments regularly. Salen ven- 
tures the opinion that his observations may justify the assumption 
that the hemolysis involved in this disorder may be caused by some 
sort of “chronic autointoxication.” Perhaps this vague term may 
cover absorption of certain substances from the gastro-intestinal 
tract. An allergic agent could either be present originally' in the 
food or else appear as an intermediary product of metabolism acting 
through a mechanism similar to that assumed to operate in favisni. 
An alternative hy^Dothesis postulates the absorption of a hemoly'sin 
arising from the same sources and entering the body by the same 
route. Neither of our patients showed evidence of hypersensitivity 
to any" foodstuffs by" the usual skin tests but additional information 
might be adduced by" food elimination experiments. It is our im- 
pression that the most fruitful future investigations will proceed 
along such channels. 

VIII. 

Chronic hemolytic anemia of the type herein considered is admit- 
tedly a rare disease. However, in addition to the intrinsic value of 
distinguishing it from the conditions which it resembles, certain 
other conclusions emerge from the discussion. Above all, attention 
shoidd be called to the fact that in the past, errors in diagnosis ha^’e 
led to unwise treatment. For instance, before the tnie nature of his 
ailment was recognized Salen’spatient had been subjected to nej)hrot- 
omy in a fruitless effort to discover the source of hematuria. The 
jaundice as.soclatcd with the disorder has been misinterpreted and 
the mistake has led to misdirected operations on the gall bladder. 
It should be reiterated, too, that a confusion of the disease with 
hemolytic ictcnis has led to splenectomy, a serious operation of 
doubtful utility" in chronic hemolytic anemia. Then, too, reactions 
following transfusions are so regularly encountered in patients suffer- 
ing from the disorder that this procedure is certainly inadvisalilc. 

Idnally, it may be conjectured that the disease exists in a lienign 
form and certain instances thus pass completely unrecognized. It 
has been pointed out that while hemoglobinuria is the mo.st con- 
.s])iouous anti dramatic manifestation of the disorder, it is only 
by a fortuitous circumstance that it occurs. When hemolysis pro- 
cee<1s at a sufficiently slow pace, no gross hcmoglo])inuria may 
appear, a condition which may" continue for years. Under these 
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circumstances a patient after having undergone the usual examina- 
tions, is found to be anemic or icteric and further search for an 
underlying hemolj^sis may be conceivably abandoned. Accordingly, 
it seems important to suggest that in all cases of anemia of obscure 
origin, the blood serum should be examined for hemoglobin. Or 
again, individuals who respond to the transfusion of blood with 
unexplained hemoglobinuric reactions should be subjected to closer 
scrutiny to determine whether they may not suffer from a latent 
form of the ailment. Only by an increased watchfulness will addi- 
tional examples of chronic hemolytic anemia with paroxysmal 
nocturnal hemoglobinuria be discovered so that improper treatment 
will be avoided and eventually more logical methods of therapy 
be applied on the basis of an etiology yet to be determined. 

Summary, Two new instances of an uncommon type of chronic 
hemolytic anemia associated with paroxysmal hemoglobinuria are 
herewith presented. The urinary discoloration occurs chiefly at 
night. Concomitant variable symptoms and signs of the sjmdrome 
are abdominal, lumbar and substernal pain, jaundice and fever. 
Features differentiating the disease from other paroxysmal hemo- 
globinurias, hemolytic anemias, and congenital hemolytic icterus 
are discussed. The chief blood changes are an anemia which may 
become profound, reticulocytosis and perpetual hemoglobinemia. 
The urine always contains urobilin and hemosiderin. Therapeutic 
measures are of little avail but the disease is compatible with life 
for manj'- years. Splenectomy is a dangerous procedure, usually 
without benefit. Transfusions are generally followed by untoward 
' reactions accompanied by hemoglobinuria. The theorj^ is advanced 
that the malady may result from the absorption of some material 
from the gastro-intestinal tract acting as an allergen or a hemolysin. 
It is suggested that benign forms of this type of chronic hemolytic 
anemia may pass unrecognized when hemoglobinuria is not a con- 
spicuous feature. 

We desire to express our thanks to Mr. David Hollander for his assistance in 
directing our attention to several references in the literature. 
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The literature on the hemogram in infection is voluminous and 
ever growing. In the past decade, the difl’erential count according 
to the Schilling modification of Arneth’s classification of neutrophils 
has become a routine procedure in many institutions. Xumerons 
other simplifications of the Schilling count have been devised based 
on the increased formation and appearance of young neutrophils in 
the blood in response to an infecting agent. The value of the Scliill- 
ing count is so unquestioned today that it should he regarded as 
indispensable in the study of infectious disease. It follows more 
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closely the course of the infection and presages in many instances 
oncoming complications with more accuracy than the total leukocyte 
count or the clinical impression. As infection progresses or compli- 
cations occur there is an increase in the band forms and younger, 
immature neutrophils, often unrelated to the magnitude of the total 
white count. A steady rise in the band forms usually reflects 
extension of the infection, or pus fonnation. The appearance of 
still more immature forms, namely, myelocytes and myeloblasts, 
indicates an even graver state. 

With hut few exceptions, all the studies recorded in the literature 
on leukocytic changes in infection deal with nuclear changes, as 
recorded by the Schilling count Or one of its modifications. Little 
attention has been devoted by contrast to the cytoplasmic altera- 
tions in neutrophils during disease states. However, since Momm- 
sen^ devised a staining technique which clearly and easily demon- 
strates these toxic or degenerative cytoplasmic changes in the 
neutrophils, more has been written about these important phe- 


nomena. 

The degenerative changes in the peripheral neutrophil” consist es- 
sentially of an alteration of the staining quality of the cytoplasm, 
abnormal granulation, and vacuolization. With the Jenner- 
Giemsa stain as modified by Kugel and RosenthaP the cytoplasm 
is transformed from its normal eosinophilic pink to a dirty gray or 
blue color. This is usually accompanied by the appearance of toxic 
granules. The latter are coarse, irregular in distribution, stain 
deep blue, and are oxidase negative in contrast to the fine regularly 
distributed oxidase positive granules seen in the normal neutrophil. 
In some neutrophils the granules are so large that the cell may be 
mistaken for a basophil. In addition the cytoplasm may be vacuo- 
lated and present a moth-eaten appearance about the periphery, 
another evidence of toxicity. The presence of these three changes 
regardless of their degree is sufficient to classify a cell as toxic and 
warrant its inclusion in the calculation of the Degenerative Index. 
Kugel and Rosenthal® have formulated a Degenerative Index based 
on these toxic changes in the cj'toplasm as follows : 

•T^ j.- T j Number of Degenerated Neutrophils 

Degenerative Index = 

In a recent study® we enumerated the diseases in which toxic 
alterations of the cytoplasm of neutrophils appeared and did not 
appear; and the significance in diagnosis and prognosis their pres- 
ence offered. In accord with other workers we found them most 


frequently present in severe spreading infections and sepsis; and 
that their greatest value lay in differentiating localized from general- 
ized infections and in indicating development of complications. 
The conditions in whicli they occurred particularly were septicemia, 
bacteremia, pneumonia, peritonitis, osteomyelitis, and severe mas- 
toid infections. From a prognostic Hewpoint we were able to con- 
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firm Kugel and Rosenthal’s observations that a high and rising 
Degenerative Index was nsually indicative of a grave state. 

The clinical importance of these toxic cytoplasmic changes in 
neutrophils is coming to be more appreciated; more data are accumu- 
lating concerning their presence and significance. Adler"* has shown 
that often more information can be gained by their studj" than by 
estimation of nuclear shifts. Prochnow^ states: “The hemogram 
. in acute appendicitis is far more reliable if toxic granules are counted. 
The stain is not difficult and should be a routine measure. Toxic 
granules are the most important qualitative changes in leukocjdes.” 
Von Elsbach® has reported that the appearance of toxic cytoplasmic 
changes, namely, granules and Dohle bodies in the hemogram in 
appendicitis, usually means purulent appendicitis. Harkins^ feels 
that a hemogram giving merely an estimate of the nuclear shift is 
incomplete and that to evaluate severe infections adequately, toxic 
cytoplasmic changes in the neutrophil should be included. 

The literature is, moreover, particularly lacking in definite and 
exhaustive information regarding the comparative value of the cji;o- 
plasmic to the nuclear changes in neutrophils in severe infections. 
In the few such studies in the literature®-® only general comparisons 
have been made. Since in severe infections the prognosis is a major 
consideration, and since opinions concerning it are usually based 
on the general clinical impression and estimation of the patient’s 
state, it was thought worthwhile to investigate the aid which both 
the Schilling and toxic studies offered and to compare their relative 
qualities in this respect. 

We therefore have studied patients suffering with severe infec- 
tions (septicemia, bacteremia, pneumonia, peritonitis, osteomyelitis, 
and severe mastoiditis); di.seases which we have found to be asso- 
ciated with both nuclear and cj'toplasmic changes. Since it is 
generally appreciated that single hemograms arc of but limited 
interpretative value, we made frequent e.\aminations (total white 
counts, differentials, Schilling and Degenerative Indices), during 
the course of each illness, with repeated comparisons with the clinical 
state. From these .studies we attempted to determine the value of 
each ])roccdure indc])cndently and any advantage which one pro- 
cedure might have over the other, i. c., which of the indices— the 
Schilling or the Degenerative— was a more delicate and reliable 
measure of the disease state of the patient. 

For the nuclear changes we cmploycfi Farley's*'’ filament non- 
filament modification of the Arncth-Schilling shift, in which ncutro- 
I)hils were divided into filament and non-filament cells, metamyelo- 
cytes and myelocytes. Farley regarded 0 non-filamcTited cells ns 
an average normal and a count up to Ifi non-filamented cells as the 
limit of tile normal Schilling shift. Other authors have found liigher 
limits of normalcy. Thus Love and Welter" found non-filament 
counts up to 25 as normal .Our findings essentially agree with 



Fig. 1. — Blood smear showing cells ivithout toxic granulation. From a case of 

rheumatic fever. (X 1500.) 



Fig. 2 — Case 2. Blood smear showing cells with toxic granulations. From a fatal 
case of lobular pneumonia. Note all cells are toxic. (X 1500.) 





Fig. 3. — Case 10. Blood smoar showinR cells ivith some granulations. From a 
case of peritonitis 'n'hich recovered. Note that four of the five cells are toxic. ( X 
l.'iOO.) 
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Farley’s and we have therefore used his more conservative figures. 
Weiss^^ analj^zed 20,000 Schilling indices in infection and found that 
staff counts of 10 or above signified a moderate shift to the left, 
33 staff cells a .severe shift to the left, and 41 staff cells or above a 
very severe shift to the left. Crocker and Valentine^^ studied 6000 
hemograms in infection and found that nuclear shifts to the left of 
50 cells or more are seen in the severe virulent infections in which 
prognosis is always guarded. In both Weiss, and Crocker and Valen- 
tine’s series the severe and very severe shifts to the left ^yere accom- 
panied by toxic cytoplasmic changes but these were not compared 
with the nuclear changes. As their series of diseases demonstrating 
both nuclear shifts and toxic changes was essentially the same as 
ours, they offer a good comparison. ' 

Based on these investigations and our experience we have looked 
upon non-filament counts of 8 to 16 as normal; counts of from 17 
to 30 as a moderate shift to the left indicative of advancing infec- 
tion; counts of 31 to 40 as a marked shift to the left and seen in 
severe infections ; and counts of 41 or more as an extreme shift to the 
left seen in grave states. 

For this study we classified the Degenerative Index similarly. 
Rosenthal and his co-workers have repeatedly shown that a per- 
sistent Degenerative Index of 90% or above usually spelled a fatal 
outcome, seen only in grave infections. In severe infections of lesser 
severity the Degenerative Index was correspondingly of a lesser 
magnitude. Sutro^'* has graded the Degenerative Index in infec- 
tions as follows: 1+, Degenerative Index up to 25%, seen in mild 
infections; 2+, up to 50%, in moderate infections; 3-j- , up to 75%, 
in severe infections; and 4-}-, up to 100%, in grave infections. From 
our previous work and the above investigations we feel that a 0 
to 20% Degenerative Index may be accepted as normal or indicating 
a mild infection; 21 to 40% Degenerative Index a moderate infec- 
tion; 41 to 70% a severe infection; and 71% or above a grave 
infection. 

With these data, therefore, a comparison between these indices 
becomes possible. This we have done using the, following numerical 


limits : 

DcBcncrat-ivc 

Schilling Index. Index, %. 

8-16 Non-filamcnlcd colls; normal or mild infection (N) . . . 0-20 

17-30 Non-filamonlcd colls; modoralo infection (M) . . 21-40 

31-40 Non-filamented colls; severe infection (S) . . . 41-70 

41 plus Non-filamented cells; grave infection (G) . . . 71-100 


For this investigation we studied the first 60 cases which fulfilled 
our criteria of severity. These were: 1, that the disease state was 
known to be associated with both toxic cytoplasmic and nuclear 
changes; 2, that the temperature had reached 102° F. or more;.and 
T) that the clinical courses were alarming by their se^•erity. In 
these 60 cases simultaneous Schilling and Degenerative Indices were 
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performed periodical!}’- during the severe phases of their infections, 
and compared with each other and -ndth the clinical states of the 
patients to attempt to determine which index proved to he a more 
accurate guide of the degree of the infection. 

Present Study: Division of Cases. Group 1—29 cases (48.3%). 
Cases in which both the Degenerative and Schilling Indices were 
both positive, but in which the Degenerative Index at all times was 
more informative, reflecting the clinical state with a greater degree 
of accuracy than the Schilling count. 

1. lllvslralive Case. A. S., female, aged 59, admitted on March 20, 1935, 
to the serwee of Dr. A. TrasofE, critically ill in state of diabetic coma with 
massive infection and spreading necrosis of deep tissues of upper half of 
right thigh. She had been drowsy for 48 hours at home as the infection was 
progressing, then lapsed into coma prior to admission. Catheterized 
specimen of urine was positive for sugar, acetone, and diacetic acid; blood 
sugar 484 mg. per 100 cc., and carbon dioxid combining power of blood 25 
volumes %. Temperature averaged 102° F. Blood urea nitrogen, blood 
culture and Eoentgen ray examination of the infected thigh were non- 
informative. On forced carbohydrate and fluid intake, adequate insulin, 
supportive measures, and wide incisions for drainage of the infected areas 
she temporarily rallied, the alkali reser\'e rose to 56, the acidosis disappeared, 
the blood sugar dropped to 155 mg. level, and the diabetic condition came 
under control. However, the infection could not be checked, she became 
more septic, and in spite of repeated blood transfusions, active medical 
and surgical treatment she expired on April 10th of advancing sepsis. 
Periodic examinations during the course of her septic state comparing 
Schilling and Degenerative Indices are as follows: 
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Group 11—20 cases (335%). Cases in which the Degenerative 
and Schilling Indices were equal in merit; both at all times during the 
clinical course reflected the true state of the patient’s illness. 

1. Illit.‘<(ralivc Case. L. R., negro male, aged 41, was admitted to the 
service of Dr. A. I. Rubenstone on May 11, 1935, desperately HI, septic 
and irrational, acidotic and dehydrated, temperature 104° F., pulse 120 
and respirations 40 per minute. He had been well until 2 days before admis- 
sion when dyspnea, fever, cyanosis, andhemoptysis occurred suddenly. There 
were signs of bilateral confluent lobular pneumonia. Urine was scanty, con- 
tained numerous casts, blond urea nitrogen was GS mg., creatinin 2.8 mg., 
alkali reserve 52 volumes %, Wassermann Test positive. Sputum was nega- 
tive for tuberclcbacilli and positive for Pneumococcus Group R’’. Spinal fluid 
examination yielded negative findings. Within 48 hours he developed areas 
of redness vi’th cellulitis over arms and leg.? diagnosed er 3 ’sipelas, and tJie 
blood culture taken on adnu.«?ion was now reported positive for heinohdic 
streptococcus. He remained septic, temiicraturc ranged from 102“ to 
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Lobar pneumonia 

5 

Toxic; sus- 
tained temp.l 
105 

21.4 

19.4 

S.I. 1N-4M 

D.I. 1N-1M-3S 

L. 21,200 

D. I. 67% (S) 

S.I.58F-28NF(M) 

7' 

I.H. 

17 

Lobular pneu- 
monia 

7 

Toxic; temp. 
103 

23.9 

10.3 

S. I. 5N-1M-1S 

D.I. 3N-1M-2S-1G 

L. 23,900 

D.I.85%(G) 

S.I. 53F-41NF (G) 

8 

I.B. 

45 

Lobar pneumonia 

5 

Toxic; sus- 
tained tempJ 
105 

26.0 

9.1 

S. I. 3N-1M-05-1G 
D.I. 1N-1M-0^3G 

L. 26,000 

D. 1. 100% (G) 

1 S. I. G7F-24NF-5MM-2M (S) 

9 

J.W. j 

1 

Lobular pneu- 
monia 

14 

Septic, tempJ 
100-105 
daily 

24.6 

10.7 

S.I.11N-3M 

D.I. 3N-5M-3S-3G 

1 L. 10,700 
!D.I.64%(S) 

S. 1. 50F- 8NF-1MM (N) 

10 

F.B. 

37 

Lobular pneu- 
monia 

9 

1 Toxic,septic; 
temp. 100- 
103 

18.3 

6.4 

S. I. 4N-2M-1S-2G 
D.I. 1N-3M-2S-3G , 

L. 16,400 

D. 1. 95% (G) 

' S.I.49F.37NF-4MM(G) 

11 

E.C. 

28 

Lobar pneumonia 

8 

! Toxic; sus- 
1 tainedtemp. 

1 104 

20.8; 
9.4 ! 

S.I. 2N-4M-1S-1G 1 
D. I. 2N4)M-0S-GG 1 

1 

1 L. 11,400 

D. 1. 100% (G) 

S. 1. 62F-28NF-(M) 

12 

S.S. 

7 

Massive suppura- 
tion and cellulitis 
of thigh 

7 

1 Septic, temp. 
100-104 
daily 

20.6 : 
12.1 

I S.I. 1N-3M-1S-2G 
i D. I. 0N-1M-3S-3G ; 

L. 20,600 

D.I.80%(G) 

S. 1. 32F-50NF (G) 

13 

F. 5. 

35 

Pelvic peritonitis 

11 

Septic, temp. 
102 

21.2 

11.4 

S. I. 7N-3M-1S ' 

D. I. 4N-2M-5S 1 

L. 21,200 

D. 1, 56% (S) 

S. 1. 60F-22NF (M) 

14 

E. M. 

5 

Retropharyngeal 

abscess 

9 

Septic, temp. 
104 daily 

24.8 

7.5 

S.I. 0N-3M 

D.I. 3N-6M 

L. 14,200 

D. I.40%(M) 

S. 1. 49F-10NF(N) 

15 

B. S. 

19 

Purulent perineph-' 
ritis 

6 

Toxic,6cptic; 
temp. 103 

29.7 

16.2 

S. I. 4N-2M 

D.I. 0N-4M-1S-1G 

L. 18,700 

D.I.8G%(G) 

S. 1. 70F-10NF (N) 

10 

A. H. 

55 

Staphylococcic ! 
septicopyemia 

9 

Critical, sep- 
tic, temp. 
100-105 dai- 
ly expired. 

16.2 

36.4 

S. 1. 0N-6M-2S-1G 1 

D.I. 0N-1M-3S-5G ' 

1 

1 

L, 16,100 

D.I.85%(G) 

S. 1. 38F-52NF-1MM (G) 

17 

T.T. 

26 

Erysipelas, strep- 
tococccmia 

8 

Critical.sep- 
tic, temp. 
99-105 daily 

15.2 

10.2 

S. I. 3N-5M i 

D. I. 3N-1M-4S 

1 

L. 13,900 

D.I.77%(G) 

S. 1. 58F-15NF (N) 

18 

A.H. 

34 

Infected pulmon- 
aryinfarctionsec- 
I ondary to pelvic 
cellulitis 

6 

I Septic, toxic 
temp. 99- 
104 

17.5 

8.1 

S. I. 3N-3M 

D. I. 2N-0M4S i 

i 

L. 17,500 

D.I.52%(S) 

S.I. 59F-20NF(M) 

19' 

E. B. 

26 

Lobar pneumonia 

1 

4 

Toxic, temp. 

1 104 

18.3 

12.8 j 

S.I. 0N-1M-2,S-1G L. 17,900 

D.I. ON-OM-3S-1G D.I.90%(G) 

i S.I.59F-34NF-1MM (S) 

20 

J. R. 

22 

Lobar pneumonia j 

8 

i Toxic, temp. 
102 

19.2 

7.6 

S.I. 3N-3M-1S-1G ' L. 19,200 

D. I. 1N-1M-4S-2G D. 1. 68% (S) 

S. 1. 42F-54NF-1M (G) 

21 

E.D. 

27 

Metritis following I 
Cesarean section ! 

oj 

j 

, Toxic.terap. 
99-102 daily 

20.3 1 S.I. 3N-2M-1S i 

12.8 |D.I. 0N-3M-1S-2G 

L. 18,500 

D.I. 63% (S) 

S. 1. 59F-25NF-1MM (M) 

22 

J. c. 

8 

Mastoiditis 

9 

1 

Toxic, temp. 
101-105 
daily 

21.4 

9.8 

1 

S.I. 5N-3M-1S ,L. 21,400 

D. I. 1N-0M-7S-1G , D. 1. 67% (S) 

' S.I.40F-31NF(S) 

23 

£i. S, 

11 

Mastoiditis 

13 

Toxic, temp. 
100-105 
daily 

27.4 : S.I. 7N-4M-2S l L. 21,100 

14 .8 , D. I. 2N-5M-2S-2G : D. 1. 57% (S) 

i S.I.50F-22NF(M) 

24 

J. B, 

2 ! 

Massive infection 
secondary to mul- 
tiple body bums 

7 

i 

Toxic.septic; 
temp. 100-1 
106 1 

30.0 i 
8.4 ; 

S.I. 4N-3M : 

D.I. 1N-OM-3S-3G ' 

L. 12,1 

D.I.00%(G) 

S. I.54F-2SNF(M) 

25 

C. F, 

26 

Pelvic peritonitis 

14 

Septic, toxic;! 
temp. 99- 1 
102 

26.2 ; 
12,1 

S. I. 5N-9M 1 

D.I. 0N-0M-1S-13G ^ 

L. 20,8 

D.I.94%(G) 

S.I.GSF-1SNF (M) 

26 

J. L. 

S 

Lobular pneu- 
mbnia, empyema, 
otitis media 

23 

Toxic.septic;' 
temp. 101- 
105 

27.9 1 
10.4 , 

1 

S.I. 9N-SM-2S-1G 
D.I. 1N-3M-7S-12G '• 

L. 23,900 

D.I. 100% (G) 
S.I.45F-40NF-4MM (G) 

27 

S. 

10 

Staphj’lococcic 

septicopyemia 

9 

Critical.sep- 
tic; temp. 
104-106, ex- 

14.6 ' 
22.2 1 

S.I. 1N-2M-3S-3G | 
D.I. IN-IM-IS-GG i 

1 

L. 20,200 

D.I. 1007<,{G) 

S. I. 5SF-28NF4)MM-4.M (3) 

28 

L.L. 

37 

Lobular pneu- 
monia 

0 

1 ! 

pired 

Toxic.septic;' 
temp. 102-' 
104 p 

16.6 1 
9.7 ; 

S.I. 2N-3M-1S 

D.I. 1N-3M4)3-2G 

L. 14,800 

D.I.S1%(G) 

S. 1. 62F-2GNF (M) 

29 1 W. M. 

4 

Lobular pneu- 
monia, mastoid- 
1 itis 

7 ; Septic, toaic;' 
i ; temp. 100- 
1 i 105 

53.2 ' 
11.4 . 

S.I. 4N-1M-1S-1G i 
D.I. 0N.0M-4S-3G j 

L. 31,400 

D.I.90%(G) 
S.I.3SF-12NF-2MM (G) 
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105° F., and in spite of antistreptococcic serum, repeated blood trans- 
fusions, chemotherapy, and supportive measures he expired 5;} days after 
adrnission. The blood examinations done during his period of hospitali- 
zation are as follows; 

Hb. R. B. c. 


% 

in millions. 

W. B. C. 

F. 

NF. 

MM. 

M. E. 

B. Lym. 

Mon. 

S. I. 

D.I 

. % 

90 

4.60 

21.4 

39 

50 

4 


7 


G 

G 

80 

8:i 

4.22 

21.9 

38 

40 

5 

1 

13 

3 

G 

G 

83 

so 

4.12 

IG.G 

23 

45 

11 

1 

10 

4 

G 

G 

87 


Table 2. — Data of Group II. 


d 

o 

O 

Name. j 

m 

fe 

o 

u- 

j Diagnosis. 

i 1 

1 

1 

c 

c: 

y; 

o 

o 

^ m 
^ C 

S ® 
5*^ 

Clinical 

course. 

J 

Total leukocyte range | 
1000/c.mm. . ■' 

j 

Comparative findinRR. 

Findings at most critical period 
of illness. 

2 

L.G. 

55 

Lobular pneu- 1 
inonia | 

5 

Septic, toxic; 
temj). 102; 
cxinred 

27.1 

28.9 

S.I. 0N-1M-3S-1G 
D.I. 0N-1M-2S-2G 

i L. 20,000 
iD.I.77%(G) 

, S. 1. 40F-38NF.2MM-1M (G) 

3 

H.N. 

21 

Lobar pneumonia | 

i 

9 

Toxic; sus- 
tained temp. 
104 

11.9 

9.1 

S.I. 3N-2M-3S-IG 
D.I. 2N-2M-1S-1G 

L. 8,400 

D. I. 90% (0) 

S.I.42F-34NF (S) 

4 

M.R. 

51 

lyobular pnou- ! 
i moiiia; toxic licpa- 
titis 

13 

Septic, toxic; 
temp. 103 

25.0 

8.5 

S.I. .5N-,3M-4S-1G 
D.I. 4N-5M-2S-2G 

L. 12,800 ' 

D. I.72%(G) 
.S.I.45F-3INF-1MM (S) 

0 

J. II. 

!40 

I liobular pneu* ; 
1 monia 

o 

Septic, toxic; 
sust.aincd 
temp. 105 

00. 4 
7.0 

S.I. 2N-OM-1S-2G 
D.I. 1N-0M.1S-3G 

L. 00,400 

D.I. 100% (G) 

S. 1. 38F-34NF-9MM-9M (G) 

fl 

C.II. 1 

! 

40 ; Lobar pneumonia 
j empyema i 

8 

Toxic; temp. 
103-105 

22.5 

13.6 

■S.I. 4N-4M 

D.I. ON-IM-2S 

L. 22, .500 

ID. I.58%(S) 

1 S.I.08F-21NF(M) 

7 

I.F. 

42 

1 Lobular pneu- 
1 inonia j 

3 

Toxic; temp. 
104 

0.2 

8.1 

S.I. IN-IM-LS 

Id. I. IN-LM-IS 

1 

1 L. 9,200 
'D. I.49%(S) 

S.I.54F-20NFCM) 

Si 

J.G. 

3 

1 Lofmlar pneu- 
1 monia; mastoidi- 
j tifi 

6 

Septic, toxic; 
; temp. 105- 
i 100 

42.4 
j 9.8 

I S. I. 2N-0M-2,S-1G 
!D.I. 2N-0M-IS-2G 

1 

1 L. 42,400 

D. 1. 71% (G) 

S. I. C2F-22NF (M) 

9 

s, s. 

3 

1 

Lobar pneumonia 

5 

, Toxic; temp. 

} 105 

1 

27.4 ; S.I. 0N-3M-0S-2G 
11.3 ID. I. 0N-1M-1.S-3G 

L. 10,200 

D.I.90%(G) 

i S.I.2CF-18NF-1MM-10M fS) 

30 

iI.E. j 

1 

.50 J 

1 Lobular pneu* 

' monia; toxic psy- 
1 chosis 

0 

.Septic; temp. 

1 99-103 

.5.4 

9.7, 

' S. I. .5N-1M 

1 D. I. 4N-1M-1S 

L. 9,700 

D. 1. 48% (M) 
S.I.44F-21NF(M) 

11 

M.S. 

' ' i 

38 

i 

1 Lobular pneu- 
j monia 

1 

9 

Toxic; temp. 
105 

19.3 ' 
12.2 

' S. 1. 4N-4M-1S 

D.I. 5N-2M-23 

L. 15,300 

D. 1. 82% fG) 

.S. I.69F-15NF(N) 

12 

1 

1 

M.S. : 

23 , 

! i 

I Ixibar pneumonia 

1 

r 

'J'oxic; temp. 
103; BUR- 
tained 

28.0 ! 
12.9 

' S. I. 2N-3M-2S 

D.I. 3N-2M-2S 

L. 15,000 

D.I.51%.(S) 

S.I.59F-21NF-(M) 

13! 

n.s. 

' 19 

1 

1 

' Staphylococcic 
septicopyemia 

[24! 

i 

! 

Critical; sep- 
tic; temp. 
100-102; ex- 
pired 

17.4 
24.9 , 

S.I. ON-4M-1.3.S-7G 
.D.I. ON-OM-9S-I.5G 

1 

L. 17,500 

D. 1. 10fJ% (G) 

S. 1. 32F-59NF-7.\IM-1M (G) 

11 

c. s. 

45 

Ostcomycliti!! 

7 

Toxic.septic; 
temp. 103 

27.4 

10.4 

S. I. 1NMM-2S 

D.I. 1N-2M-2S-2G 

L. 27,400 

D.I.83%(G) 

S. I.CSF-20NF(M) 

la 

S.I,. 

27 

; Z^elnc peritonitis 

19 

1 

Septic; temp. 
102 

20.0 ; 
8.5] 

S. I. 8N-1M-O.S-7G 
D.I. 3N4M-C3.GG ! 

L. 1.5, .500 

D.I.71%(G) 
S.I.32F-.50NF-1MM (G) 

1C 

A.W. 

14 

j Generalized peri- 
tonitis secondary 
to ruptured ap- 

14 

1 

Toxic.septic; 
temp. 99- 
104 

22.7 1 
0.3 j 

S. I. 5N-1M-3S-2G ! 
D. I. 4N-1M-4S-2G i 

L. 10,700 

D. I. 74% (G) 

S. 1. .50F-31.NF-IMM (.S) 

17 

i;.K. 

47 

( nendicitls 
■ Uencralized peri- 
1 tnnitis secondarj' 

[ to ruptured ai>- 
[ pcndicitis; lobular 

0 

Scplic, toxic; 
temp. lOO- 
101 

20.8 ! 
10.4 : 

S.I. 0N-4M-1S-1G 

D. I. 1N-3M-0S-2G 1 

1 

L. 20,800 

D. I.80%(G) 

.S.I..59F-22.NF(.M) 

18 

M. r. 

! 4 

( pneumonia 
i Generalized peri- 
lomlis secondary 

1 to ruptured ai>- 
[ ’jiendicitis 

7 

ScpGc, toxic; 
temp. 102 

23.2 

11.3 

! 

S. I. 0N-1M-2S-)G 1 
D. I. 0N-1.M-1S-5G 1 

L. 14,800 

D, I. (ir,% (G) 

S. 1. 391'-42NF-2MM-I,M (G) 

19 

n. F. 

2 

Mastoiditis 

0 

Toxic; temp. 
102 

17.1 ! 

10.2 

S.I. 3N-2M 

D.I. 3N-1M-15 

h. 17,100 

D. 1. 01% fS) 

S. I. ,52F-2INr (M) 

20 

M. B. 

2S 

Suppurative met- 
ritis 

; 4 

Toxic; temp. 

' 102 

1 

1 

IS.l 

12.4 

.S.I. 0N-3M-flS-IG 
D.I. 0N-2.M-2.9-0G 

L. 12,4W) 

D. 1. 0.5% (.S) 

S,I..52F-2INF(M) 
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Group III— 7 cases (11.7%). Cases in wliicli the Degenerative 
Index alone was positive and reflected the clinical state of the patient, 
the Schilling Index being of no value. 

1. Illustrative Case. L. B., female child, aged 5 years, admitted to the 
service of Dr. B. Lipschutz in August, 1933, in state of severe shock due to 
extensive body burns involving an area covering the entire anterior surface 
of the body reaching from the chin and face to the symphysis pubis, from 
posterior axillary line of one side to posterior axilla^ line of the other. 
There were also additional burns of back and extremities. She was treated 
locally with tannic acid solution, and generally with repeated blood trans- 
fusions, venoclysis, and supportive measures. Over half the body surface 
was involved with second and third degree burns; infection set in vith 
toxemia and sepsis, the child became weaker and more debilitated, tem- 
perature fluctuated from 100°-105° F. daily, and she expired in September, 
1934, more than 1 3 ’'ear after admission. Blood examinations made at 
weekly intervals during her most septic state prior to exitus are as follows : 


Hb. 

R.B.C. 











% 

in millioiiB. 

W.B.C. 

F. 

NF. 

MM. 

M. E. 

B. 

Lym. 

Mon. 

S. I. 

D.1.% 

SI 

4.00 

21.7 

38 

37 

2 

1 


21 

1 

S 

G 75 



21.5 

42 

32 


1 

3 

21 

1 

s 

G 88 



20.8 

55 

19 

1 

. . 

. 

18 

7 

M 

G 84 

78 

3.94 

18.4 

59 

21 

. . 



15 

5 

M 

G 79 



20. 5 

03 

10 




19 

2 

N 

G 87 



14.4 

45 

28 


. . 


21 

0 

M 

G 100 

77 

3.75 

33.4 

04 

20 




9 

1 

M 

G 91 


Table 3.— Data of Gnour III. 


!§ 

u 

to 

c; 

O 

Name. 

03 

O 

to 

< 

i 

Diagnosis. j 

I 

Number of examina- 
tions. 

Clinical 

course. 

Total leukocyte range 
1000/c.mm. 

Comparative findings. 

! 

Findings at most critical period 
of illness. 

2 

L. G. 

22 

Isobar pneumonia; 
pncumococccmia; 
empyema 

8 

Toxic.Bcptic:] 
temp. 101- 
103 j 

1 

20.2 

10.4 

S.I, 7N-1M 

D.I. 0N-OM-1S-7G 

L. 20,200 

D. I. 70% (G) 

S. 1. 44F-21NF (M) 

3! 

i 

A.D. 

5 

1 

Lobular pneu- 
monia 

‘1 

Critical; tox.^ 
ie; expired;! 
temp. 104 j 

13.9 

21.2 

S.I. 3N-1M 

D. I. ON-OM-OS-IG 

L. 10,900 

D. 1. 87% (G) 

S. I.4GF-21NF(M) 

4 

M.B. 

4 ' 

Lobular pneu- 
monia; mastoidi- 
tis 

5 

1 

Toxic.scptic;' 
temp. 99- 
103 

21.4 

14.5 

S.I. 5N 

D. I. 0N-1M-4S 

L. 21,400 

D. I. 75% (G) 

S. 1. 32F-14NF (N) 

5 

M.M. 

27 

Septic metritis; 
pelvic peritonitis 

9 

1 

Toxic, septic; 
temp. 100- 
105 

20.5 

9.1 

S.I. 8N-1M 

D.I. 4N-3M-2S 

L. 25,000 

D. 1. 40% (il) 

S. 1. 72F-1GNF (X) 

6 

A. is. 

31 

Septic abortion; 
peritonitis 

6 

1 

Toxic, septic: 
temp. 100- 
lOG 

14.9 

8.1 

1 S. I. 5N-1M 

D.I. IN-IM-IS 

L. 14,200 

D. I. 00%, (S) 

S. I.71F-12NF(X) 

7 

F.J. 

22 

Retropharyngeal 
aljsccss j 

5 

1 

1 

1 

Toxic; temp, i 
100-103 

21.4 

9.8 

S.I. 5N 

D.I. 2N-2M-1S 

L. 12,000 

D.I.640aS) 

S I.47F-12NF(N) 


Group IV— 3 cases (5%). Cases in-which both the Degenerative 
and the Schilling Indices were positive, but in which the Schilling 
Index at all times was more informative, reflecting the clinical 
state with a greater degree of accuracy than the Degenerative 
Index. 
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1. llhislralive Case. W. C., sthenic, white male, aged 44, referred by 
Dr. J. Levy, was admitted to the hospital on April 28, 1935, acutely ill, 
. complaining of cough, pain in the chest, and expectoration of 1 day’s dura- 
tion. Temperature was 103° F. Consolidation of the left upper lobe was 
diagnosed and confirmed by Roentgen ray examination. Blood chemistry, 
culture, and serology were normal. Sputum examination yielded Pneu- 
mococcus Group IV and was negative for tubercle bacillus. Temperature 
ranged from 101° to 105° F., then dropped to normal on the 7th day, rose 
to 100° for a few days, reached normal and remained there. Although he 
presented the usual toxicity for lobar pneumonia, his clinical course was 
favorable throughout, and he was discharged 3 weeks after admission as 
cured. Blood examinations taken periodically during the severe stage of 
his illness disclosed the following: 


Hb. 

R.B,C. 











% 

in millions. 

W.B.C. 

F. 

NF. 

MM. 

M. 

E. 

B. Lym. 

Mon. 

S. I. 

D. I. % 

100 

5.17 

29.0 

42 

52 

4 



2 

, ^ 

G 

N 20 



28.2 

42 

47 

2 



8 

1 

G 

S 41 



15.3 

41 

37 

4 


2 

. . 16 


G 

S 57 

95 

5.10 

15.1 

56 

14 


1 

2 

22 

5 

N 

S 46 



31.4 

30 

50 

4 



14 

2 

G 

S 67 



32.0 

35 

53 

3 

1 


8 

, ^ 

G 

S 60 



14. G 

39 

21 

4 

2 

3 

. . 27 

4 

M 

S 45 

105 

5.20 

10.4 

36 

20 

2 


4 

. . 32 

6 

M 

N 18 



10.2 

49 

5 

1 



. . 40 

5 

N 

N 7 


Table 4. — Data of Gnoup IV. 


Case No. !| 

Name. 

1 

' j 

1' 

ej 

to 

t i 

i 

[ Diagnosis. 

1 

i 1 

J 

, X 

' o 1 

'w- 

' ^ 1 

III 

Fi 

i 

Clinical 

course. 

j ' 

^ i 

1 

s ! 

O* C ' 

_o 1 ; Comparative findings. 
S.S. 1 

ii 1 
^ 1 

2 

1 

J. A. 

55 

, Lobular pueu- 

2 

Septic; eriti- 

18.9 1 S. I. 0N-0M4)S-2G 




' monia 


cal; temp. 

15.4 ; D. I. 0N4)M-2S4)G 






104; expired 


3 

I.K. 

c 

1 Lobar pneumonia 

■4 

iSeplic; criti- 

16.0 i S. I. 0N.OM4)S-lG 




' mastoiditis; cm- 


cal; temp. 

0.2jD.I. IN-lM-lS-lG 




! jjyeina 


105-107; cx^ 







pired 1 

! 


Findings at most critical period 
of illness. 


15,500 

lS^fNF-14.\IM-2M (G) 
0,200 

(G) 


Group V— 1 case (1.7%). Cases in which the Schilling Index 
alone was positive and reflected the clinical state of the patient, 
the Degenerative Index being practically of no value. 

1. Illuslralive Case. S. A., female, aged 25, admitted to the service of 
Dr. Moses Behrend on Febraary 23, 1934, for nausea, vomiting, fever, and 
pain in right lower abdomen of 5 days’ duration. Temperature was 101 4 . 
Patient was toxic and dehydrated, urine showed -t-2 acetone. Diapiosis 
of peritonitis secondary to ruptured appendicitis was made, the abdonien 
opened, gangrenous ruptured appendix removed, and the peritoneal cavity 
’ drained. The postoperative course was stormy, complicated by ileus and 
the development of a pelvic abscess necessitating rectal incision for drainage. 
Temperdture ranged between 101 ° and 102° F. daily. Several blood trans- 
fusions were given. Finally drainage decreased, clinical condition improved, 
temperature reached nonnal on the 28th day, and she was discharged curea 
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on tlie 35th day following admission, 
of her septic state are as follows: 


Blood examinations during the course 


Hb. 

R.B.C. 













% 

in millions. 

W.B.C. 

F. 

NF. 

MM. 

M. 

E. 

B. 

Lym. 

Mon. 

S.I. 

D.l. 

% 

85 

4.45 

25.9 

70 

18 

. , 




10 

2 

M 

N 

0 



21.2 

58 

28 

1 

1 



10 

2 

M 

N 

10 



20.4 

59 

28 

, . 



1 

10 

2 

M 

S 

50 



25.8 

45 

38 

1 

2 



13 

1 

G 

N 

17 

81 

4.20 

19.3 

44 

32 


. , 



22 

2 

S 

N 

0 



10.9 

53 

30 





15 

2 

M 

N 

12 



15.0 

56 

8 





32 

4 

N 

N 

6 

88 

4.50 

11.8 

GS 

12 



2 


16 

2 

N 

N 

0 


The followung table represents the compared Indices of the entire 
series of the 60 cases at the most critical period of the patients’ 
illnesses ; 


Normal. Moderate. Severe. Grave. 

Schilling Index 9 23 II 17 

Degenerative Index 1 3 18 38 

Discussion. From this study it would appear that in severe 
infections, serial estimations of the degenerative cjrioplasmic changes 
in neutrophils, as expressed by the Degenerative Index, are a more 
reliable and accurate guide of the severity and prognosis of the 
illness than estimations of nuclear changes, as expressed by the 
Schilling Index. This is shown in diseases presenting both nuclear 
and cjdoplasmic changes namely, the severe toxic states encountered 
in septicemia, bacteremia, pneumonia, peritonitis, osteomyelitis, 
and severe mastoiditis. In the advanced stages of infection the 
poljmiorphonuclear neutrophils show the greatest degree of endo- 
plasmic and nuclear changes, and therefore, such disease states 
offer the best basis for the comparison of the values of these two 
findings. We have shown in our previous work that mild infectious 
states, as rheumatic fever, arthritis, tuberculosis, etc., usually do 
not present cytoplasmic degenerative changes whereas the Schilling 
shift may or may not be marked. Such diseases, therefore, do not 
offer themselves for a comparative study. Hence it is evident that 
the results of our study are applicable only to severe infectious 
states and may not hold for relatively milder disease states. 

In general, the results of this study may be summarized as follow's: 
In these extremely septic states, wdiile the Schilling count w'as of 
value and a good index of the patient’s clinical condition, it w'as 
not as valuable or as accurate and reliable as the Degenerative 
Index in the majority of cases. In 20 cases of the 60 studied (Group 
II) both the Degenerative and Schilling Indices w'ere equally valu- 
able. Of the remaining 40 cases, in 36 (90%) (Groups I and III), 
the Degenerative Index W'as superior to the Schilling Index; whereas 
in the other 4 cases (10%) (Groups IV and V), the Schilling Index 
w'as superior to the Degenerative Index. We also noted in the course 
of our serial examinations that the degenerative c>i;oplasmic changes 
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appeared earlier in the illness and persisted longer throughout the 
course than did the corresponding nuclear changes. Again, at the 
height of the diseases studied, during the most critical days of the 
patients’ illnesses, a single examination comparing the two tests 
found the Degenerative Index to be superior; it denoted 38 grave 
states as compared to 17 by the Schilling Index, and IS severe 
states as compared to 11 hy the Schilling Index. 

Conclusions. 1. Sixty cases of severe infectious diseases have 
been studied to compare the relative value clinically of the degener- 
ative cytoplasmic changes (Degenerative Index) and the nuclear 
changes (vSchilling Index) in poljTnorphonuclear neutrophils. 

2. In 20 of the GO cases studied both the Degenerative Index and 
Schilling Index proved to be of equal value. 

3. Of the remaining 40 cases, in 36 (90%) the Degenerative Index 
was superior to the Schilling Index. In only 4 of these 40 cases 
(19%) was the Schilling Index superior to the Degenerative Inde.x. 

4. This series showed that at the height of the illness the Degen- 
erative Index more accurately reflected the existing clinical state 
and the subsequent course. 

5. Degenerative c^loplasmic changes appeared earlier, and per- 
sisted longer than did the corresponding nuclear changes during 
the critical stages of the illnesses studied. ' 

6. It is important to note how valuable both tests proved to be, 
and that though the Degenerative Index proved to be superior in 
the majority of cases, the Schilling Index again showed itself to be 
a very valuable procedure. 

7. From this .study it is again evident that no hemogram in 
severe infection is complete without determination of the Degenera- 
tive Index. 
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SENIOR CLINICAI. INSTRUCTOR OF MEDICINE, WESTERN RESERVE UNIVERSITY AND 

LAKESIDE HOSPITAL, 

AND 

H. S. Feil, M.D., 
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(From the Department of Medicine.) 

.Chronic constrictive pericarditis has been known as a clinical 
entity since the early descriptions by Widenmann^ and Kussmaul.^ 
Pick* described the condition in the following words: “There is a 
symptom complex characterized by circulatory disturbances, en- 
larged liver and ascites, caused by latent pericarditis.’,' This 
symptom complex has been known by his name for many years. 
The clinical features are characterized by high venous pressure, 
lowered arterial pressure with a low pulse pressure, pulsus paradoxus 
(first described bj^ Widenmann^), ascites and enlarged lii'’er. There 
is little cardiac enlargement. Broadbent’s sign and systolic retrac- 
tion of the lower sternum or the left lower chest are rarely observed. 
The electrocardiogram may be an additional aid in establishing the 
diagnosis of this condition. Eleven cases of constrictive pericarditis 
with low voltage curves have been reported ; Sprague and White,'’ 1 ; 
Willius and Killins,* 2; Turner,® 1; Waldorp,’’ 1; Burwell and Stray- 
horn,* 1 ; and White” reports 5 cases with low voltage and 10 with 
abnormalities in the T waves. 

The following observations were made upon 11 patients with the 
clinical diagnosis of chronic increased intrapericardial pressure. • 
Pericardectomy was performed on all of these patients bj’ Dr. C. 
S. Beck,^” who has reported case histories of 6 of the patients referred 
to in this paper. Microscopic examination of the resected peri- 
cardium in all instances showed the parietal and visceral layers to 
be fused and indistinguishable, with densely fibrous and hyalinized 
tissue which was poorly vascularized. Occasional small collections 
of lymphocytes were observed. Some of the cases showed focal 
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Table 1. — \’'oltage of Electrocakdiogkams of 11 Cases. 


Date. 

P. 

Q, 

R, 

S. 

1 

Axis 

mm. 

mm. 

mm. 

mm. 

1 mm. 

shift. 

Caae 1. 

F. I., o’, aged 13 jts. 




1 


9/20/29 

41. SOD t 

-uni) 

45.5(111) 

-0.75(11) 

Isoelectric 

0 

11/21/29 

Pericardectomy 

i 


12/24/29 

3/19/30 

+1.7o(U) 

-3(111) 

412(11) 

1 

-3(1) 

; Iso.d) 

; -1(11) 
-SdU) 

0 

41.3(11) 

-4(111) 

412.5(11) 

-4.5(1) 

4ld) 

1 -0.5(11) 

0 


3/ 3/34 





: -1.5(111) 


42 ( 11 ) 

.-3.5(11) 

425(11) 

-4.5(1) 

41.5(1) 
i 42.. 5(11) 

0 






' -1.5(111) 


Case 2. 
4/17 31 

8/ 8/31 

J. V., c?, aged 30 jts. 
41.5(11) 

-Kill) 

45.5(11) 

-1(1) 

-0.5(1) 

-0.5(11) 


Pericardectomy 




leo.dll) 


Case 3. 

M. F.. 9 . aged 23 jts. 






11/20/31 

41.75(1,11) 


45(11) 

-0.5(111) 

Isoelectric 

0.5(11) 

0 

11/25/31 

Pericardectomy 




iso.(in) 


C.'ise 4. 

I. M., 9, aged 32 JTS. 






1/23/33 

41.5(1) 


43(11) 

-2.25(11) 

41(1) 

40.5dl) 

-1(111) 

0 



2/2/33 

Pericardeclomj' 





4/13/33 

41.5(1) 

... 

42(11) 

-1.25(11) 

41(1) 

Iso.dl) 







-Kill) 


4/13/31 

41.5(1) 

-0.5(111) 

44(1) 

-2(1) 

41. 5d) 

‘ 40.5dl) 

Plight. 


1 



1 

-1.. 5(111) 


8/22/33 

1 +1.5(1) 

i 

-0 5(111) 

43(1) 

-2(1) 

41.5(1) 

40,5(11) 

0 


i 




-1.5(111) 


Ca.sf .5. 

1 G. It., cT, aged 28 jts. 






7/19/33 

1 41(1) 

1 

-0.5(1) 

45(11) 

-1.5(1) 

-0.6(1) 

-1.5(11) 

-Udl) 

Slight. 




7/31/33 

! Pcrieardeetomj- 





S/ll/33 

! 41(1.11) 

-0. 2.5(1) 

44(11) 

-2.. 5(11) 

40 75(1) 
-1(11) 



1 




-0 5(111) 


4/14/34 

1 41.5(1) 

-0.5(1) 

42.5(11) 

-2(11) 

-0.5(1) 



1 



-Idl) 

-0.5(111) 

0 


S/23/31 

i 41.5(1) 

-1(1) 

44.5(111) 

-2(1) 

Diph. s^O.5 



i 



-idi) 

-0.5(111) 



C.'Lse 0. 

\ G. B., o', aged 2,5 >T.s. 

( Auricular Cbrillalion 




• 


3/12/31 

. . . 

47(11) 

■ -3(11) 

1 

-0 5d) 
-Idl) 

-0.. 5(1 11) 

0 

! 

! 

4/ 7/31 

•Auricular fibrillation 

» , , 

45(11) 

-3(11) 

-Id) 


4/ 7/31 

•PcricarvloctoEny 

I 

-UII) 

Iso.dll) 




0/2ipi 

1 .Auricular fibrillation 

1 


40(11) 

-2{II) 

Iso.d) 

Iso.dl) 

Ifo.dU) 

4-1 Olll 


0/21/3.5 

) Auricular fibrillation 

1 

"* 

49(11) 

-2.5(11) 

Iso.dl) 

. -1.5(11!) 

Definite. 

Ca*e 7. 

: M. Z.. 9, ac«l 37 yre, 
' Auricular fibrillation 


4-4.5(11) 

-0 .5(1) 

-0 5(1) 

-0 .5(11) 


5/17/34 


Plight. 


1 Perieardcetoiiij' 




Iso (III) 



C.D«(! S. 
s; Ui-si 


i E. C., o', osixl 15 yrs. 
i 41. .'>(11) 

! Prrir.'irJcrtotny 


5(11') 


r(H) 


41 ( 1 ) 

-rO .5(11) 0 

-0-.5(in) 
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Fig. 1. — Electrocardiograms of Cases 1 to 4, before operation. 


Lead I 


Lead II 


Lead III 


Lead IV 



Case o 


Fio. 2,— Electrocardiograms of Cases 5 to S, before operation. Load IV; app.\--Icft leg. 
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Table 1. — ^Voltage of Electrocardiograms of 11 Cases. — Continued. 


Date. 

P, 

mm. 

Q. 

mni. 

n, 

mm. 

s, 

mm. 

T, 

mm. 

A.xis 

shift. 

Case 9. 

B. S., 9 , aged 57 yrs. 



-1.5(1) 



2/17/33 

Auricular flutter 

• . • 

+7(III) 


Slight. 

4/13/34 

Auricular flutter ' 


+4.25(11) 

-0.5(1) 

. . . 

4/17/34 

Auricular fibrillation 
> 

. . . 

+4.5(11) 


+0.5(1) 

+1(11) 

-0.5(111) 


11/ S/34 

; Auricular fibrillation 

1 

* ' * . 

+5(11) 

-1(1) 

-0.5(1) 

-1(11) 

-0.5(111) 



11/10/34 

11/26/34 

Pericardectomy 
Auricular fibrillation 

-0.5(111) 

+5(11) 

-1.5(1) 

-0.5(1) 

-1.25(11) 







-0.25(IID 


12/20/34 

Auricular fibrillation 

-0.5(111) 

+7(11) 


-0.5(1) 

-l(II) 




i 



-0.5(111) 


4/ 3/35 

Auricular fibrillation 

-0.5(111) 

+10(111) 


-0.5(1) 

0 



1 



— 1.5(11) 
-0.25(111) 


Case 10. 

I. L., o’, aged 30 yrs. 




-1(1) 


10/ 3/33 

+1.5(11) 


+7(11) 


0 

+ i.O(ll) 

+0.5(111) 

12/ 1/34 

+1.5(11) 

-0.5(1) 1 

+5(11) 

-0.5(111) 

+0.5(1) 

-0.5(11) 







-0.25(111) 


1/15/35 

Pericardectomy 


■ +6(11) 


-0.5(1) 


1/31/35 

+1.5(11) 

-0.5(1) 

! * . • 

0 


1 

1 

1 

-0.5(111) 

—0.5(11) 

-0.25(111) 




12/10/35 

+2.25(11) 

1 

-0.5(1) 

1 

+7(11) 

-0.5(1) 

-1.0(11) 

0 







-0.5(111) 


Case 11. 

4/ 3/35 

V. P., o’, aged 46 yrs. 
+1(11) 


+2(11) 

-0.5(11) 

+0.5(1) 





-0.5(11) 

Iso. (Ill) 

0 



4/10/35 

Pericardectomy 


+3.5(1) 

-2(1) 

-0.25(1) ‘ 


6/25/35 

+1(11) 


0 

1 


— o.spi) 

i 


-0.25(111) 


t Indicates lend with highest voltage. 

areas of calcification. There were no changes that could be con- 
strued as characteristic of rheumatic or tuberculous infection. 

Electrocardiographic studies were made in all cases. Certain 
features were common to all of the records: Voltage of the Q-R-S 
complex below the usual limits of normal;* slurring of the Q-R-S 
in all leads; and T waves of low amplitude, either of positive or of 
negative sign. The presence of P waves of normal voltage was an 
interesting finding (Figs. 1, 2 and 3). In 7 of the cases, change of 
position did not appreciably affect the electrical axis (Fig. 4), and 
only changed it slightly in 3 cases. In 1 case the test was not made. 

The chest lead showed a Q wave in all cases and in only 1 case 
was an <S wave observed. The T wave was upright in 5 of the 
7 cases. 

In Table 1 are listed the electrocardiographic obsen'ations in the 
11 cases. 

* Significance of voltage: The normal elecfrocardiogram is the resnltant of electrical effects 
originated in the heart and conducted by the body tissues to the electrodes on the extremities. 
The resultant maximum voltage (in nnj- one recorded lead) is a small fraction of the total voltage 
in direct leads from the heart. The latter figure has a value of approximately 20 limes that of 
tlic conventional electrocardiogram. 

von. 192, KO. 3. — snPTF.MBKn, 1930 13 
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Table 2 shows the details of the chest lead which was placed in 
the fourth interspace just lateral to the sternum. 


Table 2. — Lead IV* ix 7 Cases. 


Date. ■ 


P, 

■■ 

R, 

S, 

T, 


mm. 


mm. 


mm. 

Case 5. 

G. R., o’, aged 28 yrs. 






7/19/33 


Isoelec- 

i 






trie 

-3.0 

i +4.5 


+1.5 

7/31/33 

9/23/33 

Pericardectomy 

—0.5 1 

-1.5 

1 

+2.0 


+0.5 

S/23/34 


-0.5 i 

-2,0 

+4.25 


+1.0 

Case C. 

G. B., cf, aged 25 jts. 



f 1 


I 

3/12/34 

Auricular fibrillation 

... i 

-8.5 

+4.0 1 


+2.0 

4/ 7/34 

Pericardectomy 

1 



i 


C/21/34 

Auricular fibrillation 


-G.O 

+5.5 


-i.ot 



I 




1 +2. Of 

C/24/35 

Auricular fibrillation 


-G.O 

+0.5 


-2.0 

Case 7. i 

M. S., 9 , aged 37 yrs. 



1 

1 

1 


5/17/34 i 

Auricular fibrillation 

• . / 

-3.5 


... 

+1.0 

Case 8. 

13. C., cf , aged 15 >ts. | 
i 

• 


1 


! 

8/ 3/34 

"[■0.5 

-5.5 1 

... j 


-1.25 

Case 9. 

B. S., 9 , aged 57 yrs. 


! 


1 


4/1.3/34 

Auricular flutter j 

. . • 

-14,0 

+2,0 

... , Upright. 

11/10/34 

Pericardectomy | 






4/ 3/35 

Auricular fibrillation 

... ■ 

-5 0 

+24.0 

1 -2.0 1 

+3.5 

Case 10. 
10/ 3/33 

I. L„ o’’, aged 30 iTs. 

+0.5 

-13.0 

+5.0 i 

1 

+3.0 

12/ 1/.34 


Diphasic 




i 



±0.5 


+1.0 


-0.5 

1/15/35 

12/10/35 

Pericardectomy 

Diphasic 

■ 

+1.0 


+1.5 


V. P., o’, aged 40 jts. 






BfBKfgfel 


-0.5 

-5.0 

+4.5 


-2,5 

4/10/35 

C/25/35 

Pericardectomy 

-0.25 

—5.5 

+7.25 

1 

i ,+4.0 


* Lend IV. Chest electrode in fourth interspnee to left of Btemum. IndifTerent 
olectrodo on left log. 
t Vorjdng. 


Following operation 4 cases (1, G, 9, 11) showed an increase in 
voltage. TJiere was no change in the P or T waves. 

Electrocardiograms were taken during the operative procedure 
on 4 patients. There were surprisingly few changes to be observed. ♦ 
I'cntricular e.Ktrasystoles were noted in 3 of the 4 cases when the 
pericardium was being dissected from the heart. There was a 
trafisient change in mechanism in .3 patients, shifting pacemaker 

* Kurtz, C. M.. Bcnnolt. J. M., and Shapiro, II. IT.. .1. Am. Mod. A.<o«n.. lOS. iai. 
IR'id. sirnilnr cleotrornnlioKrapIiic chmigo.s during Htirgioal uno-thcr'ia. 
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being noted twice and nodal rliythm once. There was slight ele- 
vation of the 8-T interval in the first and second leads during 
operation in 2 cases, but this had disappeared by the time the pro- 
cedure was completed. The details of the changes observed, the 
blood pressure readings and the rate are listed in Table 3 : 


Table 3. — Changes Observed During Operation. 


Case 

No. 

Start of 
operation. 

Mediastinum 

opened. 

Heart bulging 
through 
pericardium. 

Heart freed of 
pericardium. 

End of 
operation. 

Case S 

e. C. 

Rate, 124-156; 
shifting pace- 
maker 

Blood pressure, 

■ 104/70 

Rate, 142; nor- 
mal meehan- 
• ism 

Blood pressure, 
115/70 

Blood pressure, 
120/70 

Rate, 144; rare 
ventricular ex- 
trasystoles; 
lower voltage; 
S and T waves 
el. elevated 
Blood pressure, 
125/70 

Rate, 138; occa- 
sional ventric- 
ular extrasys- 
toles; voltage 
still lower. 

Case 9 

B. S. 

Rate, 122 

Blood pressure, 
120/100 

Rate, 136 

Blood pressure, 
105/75 

Rate, 136 

Blood pressure, 
125/80 

Rate, 112 

Blood pressure, 
130/80 

Rate, 150; very 
slight decrease 
in voltage. 
Blood pressure, 
130/90 


Rate, 152 

Rate, 128; vol- 
tage slightly 
increased 

Rate, 136; occa- 
sional ventric- 
ular extrasys- 
toles; shifting 
pacemaker 

Rate, 124; shift- 
ing pacemaker 

Rate, 136; nor- 
mal mechan- 
ism. 

H 

Blood pressure, 
123/S2 

Blood pressure, 
145/90 

Blood pressure, 
115/90 

Blood pressure, 
115/80 

Blood pressure, 
105/70 

Case 11 
V. P. 

Rate, 96 

Rato, 111; nod- 
al rhythm 

Rate, 121; nod- 
al rhythm; 
ventricular ex- 
trasystolcs; 
elevated S and 
T waves in 
Leads I and II 

Rate, 116; nor- 
mal mechan- 
ism; S and T 2 
isoelectric; S 
and Twaves si.- 
elevated; oc- 
casional ven- 
tricular extra- 
systoles 

Rate, 98; nodal 
rhythm; S and 
T waves in 
Leads I and 11 
isoelectric. 


Table 4 shows in tabular form the clinical findings on the 7 cases 
that recovered from the operative procedure: 


Table 4. — Circulatory Tests Before and After Operation. 


Case 

No. 

Pre-operative. 

Interval 

since 

operation. 

Postoperative. 

Blood 

pres- 

Bure, 

Venous 

pres- 

sure, 

cm. 

Vital 

vapacity, 

. %. 

Cardiac 

output, 

%. 

Blood 

pres- 

sure. 

Venous 

pres- 

sure, 

cm. 

Vital 

capacity, 

%• 

Cardiac 

output, 

%. 


90/70 

35 

55 


yrs. 

128/78 

3.5 


-12.3 


90/72 

25 

60 

-42.3 

14 mos. 

118/72 


81 



96/74 

27 

52 

-50.4 

9 " 


18.0 

82 , 

-37.0 


100/80 

28 

68 

-28.6 

14 “ 

112/78 

17.0 


- 3.2 


104/90 

32 

58 

-41.0 

5 " 


18.0 

69 

-28.0 


105/85 

35 

40 

-25.0 

4 " 

110/75 



- 9.5 

m 

110/70 

25 

36 

-36.4 

" 

120/70 

13.0 

47 

-17.7 


Blood pressure ia in millimeters of mercury. The venous pressure is in centimeters of physio- 
logic solution of sodium chlorid. The \-it.nl capacity ia in percentage of estimated normal. 
Cardiac output is .by Grollman’s acetylene method in percentage. 
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Dieuaide'i noted that change in the position of patients with 
adhesive pericarditis from one lateral position to the other is not 
followed by the normal change in the electrical axis of the heart, 
seen most prominently in Leads I and III of the electrocardiogram. 
In normal individuals, there is usually a significant shift of tlie 
electrical axis; and in patients wdth rheumatic heart disease, there 
is usually a considerable shift. In Dieuaide’s series, 12 patients 
came to necropsy. These included 8 with clinical signs suggestive 
of adhesive pericarditis, 4 of whom had a relatively fixed electrical 
axis, and all showed lesions of the pericardium and of the medias- 
tinum. Pathologic findings in the pericardium and mediastinum 
were lacking in the other autopsied cases. In the 3 patients with 
fixation of the electrical axis in Dieuaide’s series (Cases 5, 6 and 7), 
the maximum voltage of Q-R-S was 22, 14 and 18 mm., respectively; 
i. e., voltage above the normal figure. The first of these patients 
had sjTihilitic heart disease and the other 2 rheumatic heart disease. 
The large voltage in these cases agrees with our findings in rheu- 
matic heart disease and serves to differentiate the latter condition 
from non-rheumatic adhesive mediastinopericarditis. 

Electrocardiograms from 100 cases of rheumatic heart disease at 
Lakeside Hospital were reviewed, of which cases 21 came to necropsy. 
Table 5 is a summary of the findings in these cases. 

Table 5.— ELEcrnocAUDioonAPHic Voltage in 100 Cases or RHECM.f.Tic 

Heaht Disease. 


No. of 

Aec 

^laximum 

voltage 

Average 

maximum 

cases. 

ruDRc. 

range. 

voltage.* 

Cases with active infection (rheu- 

matic or subacute bacterial) . 31 

14-39 

7-43 

15.8 

Cases wth congestive failure . . 30 

13-03 

4.5-28 

12.5 

Cases with heart disease an inci- 

dental finding 39 

7-00 

7-31 

15. C 


AvcraRo of all cases .. .. 14.0 

* In Len'Ls’*- scries of 52 normal medical students, the variations in the hciRlit of 
the larKCst wave of Q-R-S were from 5.5 to 10.5 mm., with an averaKo of 11 mm. 
In Pardee's'’ series of 20 normal colleRC students, the volt ace varied from S to 2.1.5 
mm. Pardee concluded that from these 7S normal records, the minimum value 
should lie 7 mm. and the maximum value 17 mm. In llallaran and Shipley’s" 
series of 200 normal individuals between 20 and 15 years of ace, the averuRO voltaRC 
for men was 12.4 mm., vnrj'inp; from 19.2 to5.S mm. (1 men had voltapc Iwlow 7 mm; 
their voltape was 0.7, 5.S and 5.8 mm.). The 100 women harl an averace voltaRC of 
10.8 mm., v.arj'inK between 19.7 and 1.0 mm. (There were 11 women with voltaccs 
Ixilow 7 mm. and 4 below 0 mm. The lowest voltage was in a woman who had a 
b.asal metabolic rate of —14.) 

Tliis increase in voltage of the Q-R-S complex is found in the 
oases of active infection as well as in the group without evidence of 
active infection or of congestive failure. In tlie cases of congestive 
failure, the voltage range was from 4.5 to 28 mm., with an average 
voltage of 12.5 mm., slightly le.ss than the average in the remaining 
eases. In only 1 case was low voltage found (4.5 mm.) and the 
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necropsy of this case revealed extensive fnediastinopericardial adhe- 
sions and severe myocardial scarring. In the 100 cases the voltage 
was 7 mm. or less in 6 instances. Of these, 3 had congestive failure, 
1 subacute bacterial endocarditis, 1 acute rheumatic fever, and in 

I case the cardiac lesion was incidental. 

The low amplitude of the Q-R-S complex and of the T waves in 
these cases of adhesiye mediastinopericarditis could be explained 
by severe myocardial damage or by change in the tissues imme- 
diately surrounding the heart (dense adhesions, hydropericardium, 
hydrothorax and ascites). Severe myocardial damage as a cause 
of low amplitude is difficult to reconcile with the practically com- 
plete clinical recovery in Case 1 (Fig. 5), the increased voltage in 

4 of the cases recovering from operation, and the absence of m}’'o- 
cardial involvement as shown by histologic examination in Cases 3, 

5 and 7. The absence of low voltage in curves recorded from cases 
of rheumatic heart disease with advanced congestive failure suggests 
that changes in conduction remote from the heart do not entirely 
explain the low voltage. Conditions immediately surrounding the 
heart, such as fluid or dense adhesions, do reduce the amplitude of 
the electrocardiogram. This reduction in voltage was seen in the 
experimentally produced pericardial effusion of Katz, Scott and 
Feil.^® Likewise Wilson,^® in his experimental work, showed that 
“any increase in the conductivity of the body tissues, particularly 
of those tissues which lie in close proximity to the heart, will decrease 
the amplitude of the electrocardiographic deflections. The question 
arises, then, as to whether edema of the lungs, pericardial effusion, 
hydrothroax, ascites, or massive edema of all the body tissues may 
not decrease the amplitude of the electrocardiographic deflections.” 
In 1 of the cases of rheumatic heart disease coming to necropsy, 
previously mentioned in this paper, the maximum voltage was 
4.5 mm. ' This case showed dense, pericardial adhesions extending 
out into the mediastinum. One of the patients with hemoperi- 
cardium and 1 with pyopericardium reported by. Scott, Feil and 
Katz^'^ showed monophasic curves of normal voltage. 

It is suggested that the low voltage curves seen in our series of 

II cases of chronic increased pericardial pressure (all of whom were 
without evidence of vascular disease) were due to the dense adhe- 
sions surrounding the heart. Low voltage also occurs with myo- 
cardial fibrosis secondary to the narrowing of the lumen of the 
coronary vessels, and occurs with myxedema.^® The characteristic 
clinical pictures are of aid in the differentiation of these latter 
conditions. 

Summary. Eleven patients with adhesive mediastinopericarditis, 
upon whom pericardectomy was performed, all had electrocardio- 
grams with Q-R-S complexes of low amplitude. The T waves 
were low in voltage. Following pericardectom.v the Q-R-S voltage 
increased in 4 of 7 cases. 
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COMPLETE AURICtILO-VENTRICDLAR DISSOCIATION. 

A Clinical Study of Seventy-two Cases With a Note on a 
Curious Form of Auricular Arrhythmia Frequently 
Observed. 

By Ashton Gilvybiel, M.D., 

AND 

Paul D. White, IM.D., 

BOSTON, MASS, 

(From the Cardiac Clinic, Ma5S3chii5otta General Hospital.) 

This report deals with certain clinical features of a group of 72 
patients who, on at least one occasion, revealed complete auriailo- 
vcntricular di.s.sociation; it is designed to supplement and extend 
the observations published in 1923 by White and Aiko.’ Recently 
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Ellis^ reported 43, cases of complete heart block analyzed from a 
point of view somewhat like that we have employed in this paper. 

Although complete A-V block may be suspected from clinical 
observations, objective registration representing auricular and 
ventricular contractions is necessary for final proof. This proof 
was obtained electrocardiographically in each of our 72 cases. The 
rare instances of complete A-V dissociation, occasioned by the 
automatic capacity of some lower center exceeding that of the normal 
pacemaker, have not been included. 

Consideration of the Group as a Whole. Of the 72 patients there 
were exactly twice as many males as females (Table 1). The age 
incidence was overwhelmingly greatest in the later decades of life 
although instances occurred in the entire range from infancy to very 
old age. 


Tablet. — Numericai, and Sex Distbidution of Cases According to the Prob- 
able Etiology of the A-V Block Together with the Average 
Age op Each Group. 



Male and female. 


Male. 

Female, 

Probably etiology of A-V block. 


Average 


Average 


Average 

No. 

age. 

No. 

age. 

No. 

ago. 

Coronary heart disease . 

47 

63.0 

30 

02.0 

11 

63.4 

Congenital heart disease 

4 

5.7 

1 

0.3 

3 

7.5 

?Congenital heart disease . 

2 

22.5 



2 

22.5 

Rheumatic heart disease 

3 

41.6 

2 

45.5 

1 

34.0 

Luetic heart disease 

3 

42.6 

3 

42,6 


• • » « 

?Diphtheritic heart disease 
Rheumatic, luetic or coronary 

4 

34.7 

1 

28.0 

3 

37.0 

heart disease 

1 

48.0 

1 

48.0 


* » • • 

Coronary or luetic heart disease 
Coronary or rheumatic heart 

2 

46.0 

2 

46.0 


— 

disease 

4 

50.7 

2 

55,5 

2 

40.0 

Entirely uncertain .... 

2 

34.5 


— 

2 

34.5 

Total 

72 

52.0 

48 

56.7 

24 

44.5 


The probable etiological factors were congenital defects in 6, 
diphtheria in 4, rhematic fever in 3, syphilis in 3, and arteriosclerotic 
coronary disease in 47 ; in the remaining 9 either the causal factor 
was unknown or multiple factors were present. 

At the time complete A-V block was first proven in 66 of our 
72 cases, the average duration of cardiac symptoms was 2 years 
and 9 months. The functional cardiac status was as follows: 7 
had normal cardiac reserv’’e, 11 a slight decrease, 31 a moderate 
decrease, 11 a marked decrease, and 6 had frank congestive failure. 
Attacks of dizziness, syncope or commlsions, symptoms related to 
the block itself, were present in about § of the patients; measures 
directed toward the relief of these sjunptoms were largely unsuc- 
cessful. Digitalis was given to 20 patients; it was of significant value 
in relieving heart failure in 4, notwithstanding the slow ventricular 
rates. 
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The ventricular rates^ obtained from the initial electrocardio- 
grams shoving complete A-V block, ranged from 19 to 71 a minute 
and averaged 40; in 17 instances there was more than 5% variation 
in the time between the slowest and fastest rates. Partial or com- 
plete bundle branch block was present in 48 of the 72 electrocardio- 
grams, auricular fibrillation in only 2, auricular standstill in 1, and 
premature ventricular beats in 10. 

We were able to obtain subsequent information, at least in regard 
to life or death, in 68 of the 72 cases. The average duration of life 
after the initial record showing complete A-V block, in 41 patients 
dying of cardiovascular disease, was 2 years and 2 months; in 8 
dying of some affection other than heart disease, 6 years and 8 
months; in 17 remaining alive, 6 years and 11 months. 

There is little to be gained in studying these eases as a single 
group since the heart disease responsible for the block usually 
affects the clinical course, treatment, and prognosis more than does 
the block itself. Because of this they have been grouped with 
regard to etiological considerations. 

Coronary Heart Disease and Complete A-V Block. This group 
comprises 47 cases in which coronarj' heart disease was quite cer- 
tainly the cause of the heart block; arterial hjq)ertension was an 
associated finding in 25 of the 47. 

The males outnumbered the females more than 3:1; there were 
36 of the former and 1 1 of the latter. 

The average age at which complete A-J' block was first proven 
was the same for both sexes, 62 years. The extremes in age were 
47 and 85 years. There were 5 patients in tlie fifth decade of life, 
12 in the sixth, 19 in tlie seventh, 9 in the eighth, and 2 in the ninth. 

The average duration of symptoms before the discovery* of com- 
plete A-V block was 2 years and 8 months and was nearly twice 
as long in the females as in the males. At the time complete A-V 
block was first proven an evaluation of the degree of heart failure 
was made in 43 of the 47 cases. In only 1 of these was the cardiac 
reserve considered normal, in 5 it was slightly decreased, in 20 
moderately decreased, in 1 1 markedly decreased, and in 6 there was 
frank congestive failure. 

Coronarj' thrombosis was re.s])onsil)le for the onset, simultane- 
ously, of cardiac .symptoms and complete A-T' block in 6 patients, in 
3 of whom it was fatal; 1 additional patient suffered a fatal attack 
of coronary thrombosis after the discovery of the conduction defect. 
.•\ngina pectoris was present in 9 patients at the time block was 
fir-st discovered and developed after the onset of block in one other. 

In addition to the usual symptoms of cardiac weakness 32 of 
the 43 patients, concerning whom the data were complete, suffered 
attacks caused presumably by cerebral anemia; 11 had dizzy 
spells, 20 had syncopal attacks, and 1 had syncope with coimilsions. 
Three patients ex})ericnccd only one attack of dizziness or syncope 



GRAYBIEL, WHITE: AURICULO-VENTRICULAR DISSOCIATION 337 

while the remaining 29 suffered many attacks. Such attacks her- 
alded the onset of cardiac symptoms in 8 patients, while in 4 they 
were the probable cause of death. 

Arterial blood pressure, in 40 of the 47 cases, averaged 173 mm. Hg 
systolic and 83 mm. Hg diastolic. In 24 of the 25 with coronary 
and hjTDertensive heart disease the average pressure was 203 mm. Hg 
systolic and 88 mm. Hg diastolic, while in 16 patients with coronary 
disease without hypertension the average pressures were 128 mm. Hg 
systolic and 74 mm. Hg diastolic. There was no substantial differ- 
ence in pressures between the sexes. Only occasionally were low 
diastolic pressures recorded. The lowest was 50 mm. Hg and the 
accompanying systolic pressure was 140; aortic regurgitation was 
not present in that case. 
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Fig. 1 . — A shows a lengthening of the second auricular cycle while the third cycle 
is similar in duration to the first. The fourth auricular cycle is longer than the first 
or third, and may be due to the early occurrence of the ventricular contraction in 
this cycle. B shows a less marked example of auricular arrhythmia. 

The initial electrocardiograms showing complete A-V block were 
analyzed. The average ventricular rate was 38 a minute; the 
extremes were 20 and 64; in 8 instances there was more than 5% 
variation in the time between the slowest and fastest ventricular 
rates. The average auricular rate was 86. There was little or no 
correlation between auricular and ventricular rates. In 35 of the 
47 electrocardiograms there was partial or complete bundle-branch 
block; auricular fibrillation occurred in 2 instances, auricular stand- 
still in 1, and ectopic ventricular beats in 10. 

Subsequent electrocardiograms were taken in 25 cases; in 16 the 
/1-F block remained complete, in 5 there was a return to partial 
A-V block, and in 4 the A-V conduction time returned to normal. 

The treatment of patients in this group was directed chiefly 
toward the failing heart muscle and followed the usual plan. Digi- 
talis was given and its effect noted in 16 patients; in 3 it was appreci- 
ably beneficial while in 13 it was not. 

Treatment designed to increase the heart rate or to abolish the 
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cardiocerebral (Adams-Stokes) attacks was attempted with 30 
patients. Adrenalin was given to 2 patients with good effect, its 
use being limited by the inconvenience of administration and short- 
lived action. Ephedrin, given to 7 was beneficial in 3, without 
benefit in 3, and in 1 it caused troublesome palpitation. Thyroid 
extract was given to 7 patients with questionable benefit to 1. 
Barium chlorid to 1 gr. t.i.d.) was used in 8 cases without 
benefit to any. Atropin was given to 6 patients without benefiting 
any. In 1 patient a slight fever caused the pulse rate to increase 
from 40 to 60 where it remained for a period of 5 days after the 
temperature returned to normal. In a few patients the avoidance 
of certain things which sometimes precipitated attaclcs constituted 
the best treatment. 

The average duration of life, in 45 of the 47 cases, after complete 
A-V block was recognized, was as follows; 1 year and 7 months in 
the 30 cases dying of cardiovascular disease; 6 years in the 6 cases 
dying of various other causes; and 3 years and 10 months to date 
in the 9 cases remaining alive. The longest duration of life was 16 
years and 5 months; in 12 instances the duration of life was over 
4 years, while in 18 it was less than 1 year. 

The causes of death in the 30 cases dying of cardiovascular dis- 
ease were listed as follows: congestive heart failure in 4, Adams- 
Stokes attacks in 4, coronarj' thrombosis in 4, cerebral accident 
in 2, "sudden death” in 7, and “heart disease” in 9. 

Congenital Heart Disease and Complete A-V Block. There were 
4 cases, 1 male and 3 female, in which the heart block was assuredly 
of congenital origin. The average age was 5 years and 8 months. 
None had had diphtheria, rheumatic fever, congenital lues, or 
scarlet fever. The heart was slightly enlarged in 2 cases. Patency 
of the interventricular septum was questioned in 3, but the classical 
signs of such a defect were not present. It is important to note 
that there was no other definite evidence of congenital heart disease 
save the complete A-V block. If these cases had been first seen 
in later life the etiology would lie uncertain or possibly wrongly 
ascribed to some other factor. Cardiac reser\'e was normal in 3 
cases and slightly decreased in 1. None had had dizzy spells or 
syncopal attacks. 

The electrocardiograms showed an average ventricular rate of 59, 
the extremes being 49 and 71 ; the average auricular rate was 130. 
In 2 instances there was marked variation between the slowest and 
fa-stest ventricular rates. In addition to complete yl-F block the 
electrocardiogram in 1 instance (an infant of 9 months) showed in- 
version of T in Ix-'ad I, and in one other, partial bundle-branch 
block. 

We have been unable to trace 2 patients, lack of cardiac symp- 
toms jirobably being responsible for their losing toucli with the 
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clinic. The cardiac status of the remaining 2 has not changed over 
periods of 1 year, and 7 years and 9 months respectively. 

Two additional patients probably belong to this group. Both 
were female, 1 aged 12 years and the other 31. Neither had had 
diphtheria, rheumatic fever, syphilis, or scarlet fever. Both had 
been free from dizzy spells and syncopal attacks. The older patient 
had slight cardiac enlargement and slight dyspnea, while the younger 
had no cardiac symptoms and a normal sized heart. The cardiac 
status remains unchanged after 4 years and 4 months in the case 
of the older patient, and 18 years and 6 months in the case of the 
younger. 

Rheumaiic Heart Disease and Complete A-V Block. There were 
2 men and 1 woman in whom the probable cause of complete A-V 
block was rheumatic heart disease. One of the men, aged 48, had 
a normal sized heart. He had no symptoms whatever and the 
electrocardiogram, in addition to complete A-V block, showed at 
times block of the ventricular pacemaker.® Later his heart enlarged 
and attacks of dizziness, and symptoms of heart failure appeared 
in moderate degree. He died following an operation 17 years after 
the onset of block which always remained complete. Necropsy 
revealed mitral stenosis; the coronary arteries were freely patent. 
No detailed postmortem studies of the conductive system were 
made. ' 

The other man, aged 43, had a markedly enlarged heart with 
aortic and mitral stenosis without congestive failure. For 1 week 
he had had many severe attacks of dizziness, syncope, and convul- 
sions. He contracted bronchopneumonia and died 3 days after 
the discovery of block. Necropsy was not performed. 

The 1 woman in this group, aged 34, had a slightly enlarged 
heart with mitral stenosis and aortic regurgitation. She had had 
cardiac symptoms for 11 years and syncopal attacks for 1 month. 
An electrocardiogram showed low voltage in addition to complete 
A-V bloek. She was observed over a period of 2 years and 6 months 
during which time her cardiac status remained about the same and 
the block remained complete. Further efforts to trace this patient 
have failed. 

Lnictic Heart Disease and Complete A-V Block. Three male 
patients with an average age of 43 years comprise this group. They 
all complained of cardiac sjonptoms and the cardiac reserve was 
moderately decreased in each. One had angina pectoris and 1 
other had syncopal attacks. All had moderately enlarged hearts, 
and one had aortic regurgitation. Their blood pressures averaged 
133 mm. Hg systolic and 55 mm. Hg diastolic. The Wassermann 
reaction was positive in 2 and the third showed luetic cardiovascular 
changes at necropsy. No detailed postmortem studies of the conduc- 
tive system were made. In addition to complete A-V block the 
initial electrocardiograms showed in each case partial or complete 
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bundle branch block also, in 1, retrograde auricular responses, and 
in 1 other, a block of the ventricular pacemaker. One patient who 
received inadequate antiluetic treatment died of heart failure in 
8 months. The remaming 2 cases received prolonged antiluetic 
therapy. The block remained complete in 1 but there was a return 
to normal rhythm in the other with partial bundle branch block 
remaining. Both were quite well and worked hard for years. One 
died suddenly 7 years and 10 months after the discover}’' of the 
block and necropsy revealed luetic aortitis with marked narrowing 
of the first portions of the coronary arteries. The other died of 
“heart disease” 4 years after the discovery of the block. 

Diphtheritic Heart Disease and Complete A-V Bloch. Chronic 
heart block can rarely be traced to diphtheria. Jones and 'i^Tiite,'* 
in a study of 100 consecutive cases who had had severe diphtheria 
5 to 8 years previously, found none -ndth evidence of heart disease. 
Butler and Levine® have reported 20 cases of heart block of unknovm 
origin, 10 of which previously had had diphtheria; of the 10 cases 
with a history of diphtheria only 3 were under 50 years. It appeared 
to them that the development of heart block in later years may be 
a sequel to diphtheria in childhood. 

In the following 4 cases of complete A-V block the only kno-^vn 
etiologic factor was previous diphtheritic infection. Each had 
proven complete A-V block or syncopal attacks at an age when 
coronar}’- heart disease was unlikely. None had any evidence of 
congenital heart disease although this possibility could not be ruled 
out definitely. Three had had diphtheria early in life and were 
aged 24, 27, and 28 years, respectively, wLen first examined by us; 
each had slight cardiac enlargement but none had attacks of dizzi- 
ness or syncope and their response to exercise was normal. The 
fourth, aged 60, had had diphtheria 25 years previously and from 
that time suffered frequent attacks of dizziness and syncope; 
the heart was not enlarged but exercise tolerance was moderately 
decreased. 

Repeated electrocardiograms in each instance showed complete 
..4-F block. 

Three of the patients are alive and fairly well at an average of 
14 years and 8 months after the discover}' of the conduction defect. 
The fourth case, aged GO, died of “heart disease” 4 years after the 
proof of the block and 29 years after the probable onset. 

The response to exercise and atropin in 1 patient of this group 
is of some interest. While at rest the auricular rate was GO and 
the ventricular 43. After exercise the auricular rate rose to 143 
and the ventricular rate to 107, the block remaining complete. 
A similar but less marked rise was observed after gr. -jV atropin 
sulphate was given subcutaneously. The e.xifianation was not 
entirely clear; presumably tlie factor responsible for the block had 
not dekroyed the vagal influence on the idioventriailar pacemaker. 
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Miscellaneous. There remain for consideration 4 cases with 
coronary and rheumatic' heart disease, 2 with coronary and probable 
luetic heart disease, 1 with coronarj'' and probable luetic or rheu- 
matic heart disease, 'and 2 with completely uncertain etiology. 
For obvious reasons it is not worth while to consider these cases in 
detail. 

There were 5 males and 4 females with an average age of 45 years. 
All had some degree of cardiac enlargement and all had symptoms of 
cardiac weakness. All save 2 had cardiocerebral attacks. Seven 
have died of cardiovascular disease on an average of 2 years and 
4 months after discovery of the block, while 1 remains alive but in 
poor health 6 years and 8 months after the discovery of the block. 
The remaining case was alive and well when last heard from in 
May, 1927. ^ ■ 

Discussion. Only 72 patients with complete A-V dissociation 
have been seen at this hospital during a period of 19 years in which 
time electrocardiograms have been taken on about 14,000 patients. 

While coronary heart disease was found to be the ehief cause of 
the block it is worth noting that in about one-fourth of the cases 
other factors were responsible, namely, congenital, rheumatic, 
luetic, or diphtheritic heart disease. Some additional causes, not 
illustrated in this senes of cases, are certain acute infections, poison- 
ing, especially by drugs of the digitalis series, tumor, and trauma. 

The sex and age incidence reflect that of the disease causing the 
block. Thus, patients with coronary heart disease were in the later 
decades of life and males outnumbered females more than 2 to 1, 
whereas patients with congenital heart disease were in the early 
decades of life and females outnumbered the males. 

The cardiac symptomatology may be divided into two categories, 
that associated with the underlying heart disease and that asso- 
ciated with the block itself. The latter deserves especial mention. 

Morgagni,® in 1761, adequately described the sjmdrome of faint- 
ing associated with slow pulse rate but his report went unrecognized 
for many years. Adams, ^ in 1827, and Stokes,® in 1846, described 
more fullj" additional cases, and Huchard,® in 1899, proposed the 
name of “disease of Adams or of Stokes-Adams” for this syndrome 
of bradycardia and syncope. Lewis“ has pointed out that “how- 
ever probable it is that heart disease and high-grade block were 
present in these cases, the exact nature of the fits is unknown.” 
Regardless of its unsuitability, it appears that the term Adams- 
Stokes or Morgagni-Adams-Stokes attacks will persist, although a 
decidedly better classification could be outlined under the heading 
of cardiocerebral attacks. Three grades of disability are commonly 
recognized : 1, the vertiginous attacks (“formes frustes” of Huchard) 
in which consciousness is not lost: 2, syncopal attacks and 3, con- 
^'ulsive seizures. These sjmiptoms are caused by cerebral anemia 
and occur when the ventricles beat too slowly or stop entirely. 
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About two-thirds of the patients in our own series complained of 
attacks of dizziness, syncope, or convulsions. 

The average ventricular rate fn this series of cases was 40 a min- 
ute, which is faster than is commonlj’’ thought for complete A-V 
block. In 17 instances (23.6%) there was a greater than 5% varia- 
tion in the time between the slowest and fastest ventricular rates. 
This arrhji^hmia when coupled with the more rapid ventricular 
rates adds difficulty to the clinical recognition of complete A-V 
block. 

Partial or complete bundle-branch block was an associated 
finding in 42 instances (58.3%). This association is expected in 
view of the small area occupied by the bundle of His and its chief 
branches. 

The slow regular heart rate observed in these cases rarely requires 
treatment; in fact it may occasionallj' be an asset. It is when the 
ventricles beat very slowly or become irregular that symptoms super- 
vene and efforts are made to increase the rate or abolish the irregu- 
larity. Adrenalin and ephedrin were the only drugs found valuable 
in our series. 

The prognosis of the patients in this series reflected that of the 
causal factor responsible for the block. For those with coronary 
heart disease it was poor, although exceptionally a patient lived 
more than 10 years.* The prognosis was very good in those with 
congenital or diphtheritic heart disease while in those with luetic 
or rheumatic disease it was fair. The outstanding impression 
gained after reviewing these cases is the necessity for distinguishing 
clearly between the conduction defect and the heart disease with 
which it may be associated. When complete A-V block is present 
in an otherwise normal heart the bearer may enjoy a normal active 
life. Its chief significance does not lie in itself for it is rarely the 
immediate cause of death, but in the fact that it usually declares 
the presence of a serious and widespread affection of the ventricular 
musculature; as sucli it is an important sign and alters unfavorably 
the prognosis. 

A Curious Form of Atiricular Arrhythmia Frequently Observed in 
Comidctc Heart Bloch. Erlanger and Blackman'^ in their studies 
on experimental complete heart block in the dog, observed, occa- 
sionally, a peculiar periodicity of the auricles apparentlj’ dependent 
upon A'entricular activity. They noted that the first auricular cycle 
following a ventriailar contraction was long but that the successive 
auricular cycles shortened until the ventricle again contracted. 
Sometimes this auricular retardation was so marked that only a 
single contraction occurred in each ventricular cycle. This phe- 

* Two exceptional instances of heart block in verj- elderly patients arc worth 
nientioninp. 11. E.. a widow, with coronary heart disease, had complete heart block 
for -1 vears Ix-fore she died of intestinal obstruction at the ape of SO. F. M., a male 
clerk. aKcd SO, has had partial or complete heart block over 12 years; at present he 
is sliphtly active and fairly well. 
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nomenon was observed only during complete repose in dogs with 
heart block of comparatively long duration. They believed varia- 
tions in vagal tonus, which increased with each arterial pulse and 
decreased during the interval between pulses, were responsible. 

Hecht,^2 in 1913, pubhshed electrocardiograms showing high 
grade block found in a child of 5 years. He noted that the auricular 
cycles which contained a ventricular contraction were shorter than 
the rest. No explanation was offered and he did not comment on 
the electrocardiogram which showed that the arrhythmia was 
abolished when the child was given atropin. Wilson and Hobinson'^ 
observed the same kind of auricular arrhythmia in a case of complete 
heart block in an adult. They observed the disappearance of this 
arrhythmia when the auricular rate was increased after exercise 
or atropin. Two possible explanations were offered; first, that 
it was dependent on vagus activity, and second, that it was the 
mechanical effect of ventricular systole on the auricular pace- 
maker. 

We have observed this type of auricular arrhj4:hmia (Fig. 1) in 
20 of the 72 cases in this series. It was not necessarily a constant 
phenomenon; that is, it would be exhibited on one occasion but not 
on another under circumstances apparently similar. It was ob- 
served to disappear with the increase in auricular rate after atropin 
or other cause. When the ventricular period contained two or more 
auricular cycles it was seen that the &st auricular cycle following 
the ventricular contraction was long and the successive cycles 
shorter. 

In considering the possible mechanisms of this arrhythmia one 
of the first points to decide is whether the auricular cycle containing 
the ventricular contraction is shortened or whether the succeeding 
auricular cycle is lengthened. This question is apparently answered 
in those examples where the ventricular period contains two or 
more auricular cycles. It is clearly to be seen that it is the first 
auricular cycle following the ventricular contraction which differs 
notably from the rest; the remaining cycles are shorter and do not 
differ greatly in length whether or not they contain a ventricular 
contraction. This leaves little to be said in favor of the view that 
the auricular cycle containing the ventricular contraction is short- 
ened by the mechanical effect of A'^entricular systole on the auricular 
pacemaker; were this true all subsequent auricular cycles should 
be similar in length. We are inclined to the opinion that under 
certain conditions ventricular systole increases vagal tone possibly 
through the carotid sinus mechanism or directly through the arterial 
impulse in the sino-auricular artery or othervdse. We believe this 
is the usual mechanism, although very exceptionally electrocardio- 
grams have been observed, apart from those instances of obvious 
ventriculo-auricular retrograde conduction, in which certain ven- 
triculo-auricular sequences suggested that ventricular systole 
hastened auricular contraction. We have not observed this form 
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of ventriculo-auricukr relationship in any of the electrocardiograms 
in this series. 

Summary and Conclusions. 1. Seventy-tn'o cases of complete 
A-V dissociation are briefly analyzed. Coronary heart disease 
was associated in 47 of the patients, congenital heart disease in 4, 
possible congenital heart disease in 2, rheumatic heart disease in 3, 
cardiovascular lues in 3, and possible clironic diphtheritic heart 
disease in 4, while the remaining 9 cases were of mixed or entirely 
uncertain etiolog>^ Two-thirds of the cases (48) were male and one- 
third (24) were female; it was particular!}^ in the coronary disease 
and syphilitic groups that the males predominated (36 to 11 in the 
former and 3 to 0 in the latter). 

2. The heart disease responsible for the block in these cases affects 
the clinical course, treatment and prognosis far more than does the 
block itself. 

3. Attacks of dizziness, syncope, or con\mlsions, symptoms re- 
lated to the block itself, were present in 44 of the 72 cases; in 4 
instances they were the probable cause of death. Adrenalin and 
ephedrin were the onl}’- drugs found valuable in the treatment of 
these attacks. 

4. The prognosis of those patients in this series with coronary 
heart disease was generally very poor although there were striking 
e.\'ceptions; for those with congenital or old diphtheritic heart dis- 
ease it was good, while for those with luetic or rheumatic disease it 
was fair. 

5. A form of auricular arrh}d;hmia frequently observed in these 
cases is discussed. 
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(From the Departments of Cardiology and Orthopedic Surgery.) 

The correction of faulty posture involving the thoracic and 
lumbar spinal curves has been considered a mechanical advantage 
to the body and a valuable adjunct to the treatment of many visceral 
disorders.^ This belief is supported by considerable clinical evidence. 
Faulty posture is certainly capable of producing various symptom 
complexes of referred pain which may be completely relieved by 
training the patient to assume a proper stance. If, however, the 
routine correction of postural defects is to be granted a position in 
the generally accepted treatment of disorders which are not essen- 
tially orthopedic, more precise information should be available con- 
cerning the influence of posture on the body function. An attempt 
has, therefore, been made to estimate some of the physiologic efi’ects 
of changing from a kypho-lordotic posture to one regarded as 
optimum by orthopedic standards. The present stud}'' involves 
an analysis of the immediate results so observed. It is believed 
that these observations help to evaluate the therapeutic benefit to 
be expected from the orthopedic correction of postural defects. 

Methods. A group of subjects was studied, which included IS healthy 
adults of both sexes ivith B, C, and D posture according to the Harvard 
standards. Ten subjects were workers in the Occupational Therapy Clinic 
of the Graduate Hospital and symptom-free; 8 were patients of the Ortho- 
pedic Clinic who had sjmiptoms referable to faulty mechanics. AU had 
been trained in the ability to correct their postural defects. 

All observations reported on each patient were obtained on the same day 
to insure comparable results, although preliminar}’’ periods of observation 
were usually made. The following studies were carried out with the subject 
standing first in the corrected, then in the faulty posture. 1. Orthodiagrams 
with special attention to the thoracic and cardiac measurements and the 
maximum diaphragmatic excursion. (Difference of less than 0.5 cm. were 
regarded as within the limit of experimental error. Diaphragmatic meas- 
urements were made from the highest point of the dome.) 2. Estimations 
of wtal capacity obtained with a standard spirometer (the figures reported 
are the averages of the maximum values). 3. Electrocardiograms. 4. Esti- 
mations of oxj’-gen consumption and graplric records of the respiration 
including measurements of tidal air and minute volume, obtained with a 
standard spirometer for metabolism determinations. 5. Repeated deter- 
minations of blood pressure and pulse rate over 10-minute intervals with 
preceding and intervening 10-minute intervals during wiiich the subject 
was recumbent._ On the basis of these readings a rating was obtained for 
circulatory efficiency in each of the two postures according to the method 
of Turner.- 
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Results. The changes observed on correcting a faulty posture 
are outlined in Table 1. It will be noted that there was a marked 
individual variation in the reaction of the different subjects and 
that the results bear no apparent relationship to their postural classi- 
fication, whether B, C or D. These variations appeared to depend 
upon such factors as physical tj^e, the extent of the physiologic 
handicap produced by the postural defect and the amount of physical 
strain incurred by correcting it. Thus the first conclusion which 
can be drawn is the fact that the therapeutic value of correcting a 
postural defect can seldom be estimated beforehand and that the 
amount of benefit acquired is not always directly proportional to 
the degree of the subject’s “slump.” 

Transverse Diameter of the Chest. The measurements of the 
transverse diameter of the chest were made in the position of normal 
expiratory relaxation. Of the 18 subjects, 9 showed no significant 
change on correcting the faulty posture, 7 showed a slight increase 
of 0.5 to 1.8 cm., while 2 showed a decrease of approximately the 
same value. Apparently the chest becomes somewhat wider in the 
presence of either extreme correction or extreme slump. In the 
correct posture, straightening of the spine causes an increase in the 
rib angles with outward flaring of the chest. In the excessively 
slumped posture, the lower part of the chest tends to widen due to 
upward compression of the abdominal viscera. 

Position of the Diaphragm. Orthodiagraphic illustrations of the 
chest in the corrected and slumped postures always show the dia- 
phragm higher in the former.^ In our experience this relationship has 
not been constant. In 7 cases the diaphragm was higher in the cor- 
rected than in the faulty posture {i. e., with respect to the top of the 
chest) ; in 4 there was no significant difference between the two posi- 
tions; in 7 the diaphragm was higher in the slumped posture (Fig. 1). 
Tliis difference may be explained as follows : On assuming a corrected 
posture, the abdominal wall is drawn in and the diaphragm pushed 
upward. At the same time the thoracic spine straightens and the 
chest elongates on its vertical axis. The diaphragm, therefore, is 
raised with relation to the pelvis but not necessarily with relation 
to the toj) of the chest. This fact is of considerable interest. If 
coincident elongation of the chest does not occur, the elevation of 
,thc diaphragm will diminish the chest volume and may become a 
haiulicap to pulmonary function. Thus in the presence of irretract- 
ablc kyphosis it may be a disadvantage to cause elevation of the 
diaphragm if an adequate increase in thoracie volume cannot be 
obtained by straightening of the thoracic as well as the lumbar spine. 
This is not necessarily a handicap in cases of emphysema where the 
lung is already ovcrcx]ianded as it has been shown that elevation 
of the diaiihragm pennits increase in the vital capacity.* 

Position of the JIcnrt. Change from a faulty to a corrected pos- 
ture is said to involve an increase in the transverse diameter of the 
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heart due to elevation of the diaphragm.^ In the present study it 
was found that just as the height of the diaphragm with respect to 
the top of the chest is not always increased by the correction of a 
postural defect, neither does the heart always become more trans- 
versely placed. In only 3 cases was the cardiac transverse diameter 
significantly increased; in 7 it remained unchanged while in 8 it was 
actually diminished. This observation was confirmed by the elec- 
trocardiogram, which in the corrected posture showed the electrical 
axis of the heart to be shifted toward the left in 5 cases and toward 
the right in 7, while in 4 it remained unchanged. In 10 cases the 
axis shift corresponded with the observed change in the cardiac 
measurement; in only 1 case was it at variance. In the remaining 
cases either the electrical axis of the heart or the measured trans- 
verse diameter was unchanged. 

Although the transverse diameter of the cardiac silliouette tends 
to increase when the diaphragm is elevated by the corrected position, 
it may actually decrease under the following circumstances: 1, 
when the heart is sufficiently elevated by its attachments to the 
cervical fascia and, therefore, becomes more dependent; 2, when the 
'heart is elevated by the rise of the diaphragm rather than by upward 
traction of its mediastinal attachments, but tends to rotate in a 
horizontal rather than a vertical direction. The degree to which 
these phenomena occur varies between individuals and with the 
physical type of chest and its contents and eould be observed under 
the. fluoroscope. The occasional lack of correspondence between 
the measured cardiac silhouette and the angle of the electroeardio- 
graphic axis depended upon the fact that the two are similarly 
altered by vertical rotation of the heart but not necessarily by 
horizontal rotation or lateral displacement. 

Diaphragmatic Excursion. The maximum diaphragmatie exeur- 
sion between forced inspiration and expiration occurred in the cor- 
rected posture in 7 cases and in the slumped posture in 7. In 4 cases 
the change was not considered significant. This difference in some 
subjects was apparently due to the upward compression of the dia- 
phragm in the correct posture being predominantly advantageous by 
favoring a more complete expiration; in others it was predominantly 
a disadvantage by impeding inspiration. As will be shown later, 
the extent of the maximum diaphragmatic excursion is not directly 
proportional to either the vital capaeity or the average depth of 
respiration, both of which are influenced by thoracic excursion as 
well. It is clear from these observations that the posture which is 
most favorable to diaphragmatic function may, for certain individ- 
uals, be one which is not perfect by orthopedic standards. 

Vital Capacity. In 10 cases the vital capacity was increased on 
assuming the corrected posture (average when increased, 307 cc.), 
in 7 cases it was not significantly altered and in only 1 case was it 
decreased. Although there is no doubt as to the improvement of the 
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vital capacity in tlie corrected posture, it was noted that when erect 
many of the subjects stooped somewhat to complete expiration, and 
when slumped they became momentarily more erect during the pre- 
liminary inspiration. From this it appears that although an in- 
creased ^^tal capacity is favored by the corrected posture, too rigid 
correction may tend to diminish it and a certain flexibility is requisite 
for optimum results. 

The vital capacity is intimately related to cardiac and respiratory 
function. It is decreased in the presence of various disorders of the 
heart and lungs. In cases of this type an optimum stance is often 
assumed instinctively. In such cases it is probably a mistake fur- 
ther to correct a minor postural error, since to do this may produce 
a physiologic handicap. Other patients, however, because of fatigue 
or the therapeutic restriction of exercise, become increasingly relaxed 
and stooped. Under these circumstances it is justifiable to expect 
that an increase in the 'idtal capacity attained by orthopedic training 
may afford a marked degree of sjTnptomatic benefit. Care should 
be taken, however, that the posture so assumed is actually optimum 
for the individual and that the circulation is not further embarrassed 
by too rapid correction. 

Electrocardiogram. No significant clianges in the electrocardio- 
gram were found which were attributable to posture, except for a 
• sliift in the electrical axis of the heart described above. This shift 
was indicated by variations in amplitude of the R and S waves in 
Leads I and III. Rarely the amplitude of the T waves in Lead III 
was similarly influenced but to a very slight degree. 

Incidentally records taken in the corrected posture of many 
subjects showed a much higher degree of muscle tremor than those 
taken in the slumped posture. This was a nianifestation of greater 
physical strain associated vith the unaccustomed posture and indi- 
cates the fatiguing effect of maintaining it for long periods of time. 

Oxygen Consimylion. The measurements of oxj'gen consump- 
tion are necessarily subject to a considerable degree of experimental 
error and can be considered significant only in the direction and 
not in the quantity of change. Of 16 subjects in whom estimates 
could be made, 5 showed no difference in the two positions, 6 showed 
the highest value in the good posture and 5 in the poor posture. 
The rate of oxygen consumption under the circumstances is influ- 
enced by many factors including the fatigue of standing, the relative 
degree of strain involved by the corrected posture, the amount of 
respiratory effort and the amount of oxj-gen available to the tissues. 
Although these results are at best only suggestive, the impression 
was gained that oxygen nonnally tends to be utilized somewhat 
less rapidly in the c'orrected posture. In the present study the effect 
of stram in subjects whose habitual stance was slumped was very 
apparent, especially in tlie electrocardiogram. If this strain were 
eliminated by adaptation to the corrected posture, it is likely that 
the higher oxygen consumption values would be definitely reduced. 
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Respiratio7i. The effects on respiration of the corrected as com- 
pared with the slumped posture included: 1, Slower rate; 2, in- 
creased depth of respiration (tidal air) and 3, increased pulmonary 
ventilation (respiratory minute volume). The type of graphic 
record obtained is illustrated in Figure 2. There were a few excep- 
tions but they were not considered significant. The characteristic 
effects occurred not only in subjects who were accustomed to the 
correct posture, but also in subjects to whom it was still a physical 
strain. 


w* 


hiM 


J.C. 




y 


Good posture: 



Rcsp. rate 13 /min. 21 /min. 

Tidal air 1,012 cc. 467 cc. 

Min. vol. 12,850 cc. 9,820 cc. 

O 2 consump. 263 cc./min. 246 cc./min. 

Fig. 2. — Respiration and oxygen consumption in the correct and incorrect postures — 

Subject 2. 


Three artificial influences must be taken into account in consider- 
ing the graphic respiratory records obtained: 1, The subject 
breathed through a spirometer (the effect of which was minimized 
by a “motor blower”); 2, breathed througli his mouth, and 3, 
breathed pure oxygen. Although the records do not represent en- 
tirely normal conditions, they are, however, at least comparable 
and indicate the direction and proportion of change under physio- 
logic circumstances. 

In the corrected posture, respiration is apparently facilitated by 
an increased latitude for diaphragmatic and thoracic excursion 
(vital capacity) and tend to be deeper and, therefore, slower. Less 
clear, however, is the reason for the increased respiratory minute 
vohmie. It bore no evident relationship either to ox^’^gen consump- 
tion or to circulatory efficiency. To what extent it is an artifact 
due to the type of graphic recording or how much it was influenced 
by physical strain is uncertain. It seems probable, however, that 
it is also present, at least to some degree, under normal physiologic 
conditions. 
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Cardiovascular Efficiency. Tlie criteria adopted by Turner for 
the appraisal of cardiovascular efBciency= were applied to the esti- 
mations of blood pressure and pulse rate taken over 10-minute inter- 
vals in the two postures. Eleven subjects had a better rating in the 
corrected posture, 4 in tlie slumped posture and 3 showed no signifi- 
cant change. There appeared a tendency in tlie slumped posture 
for the pulse rate to increase, for the blood pressure to fall and for 
both to manifest less stability than in the corrected posture (Fig. 3). 
In the majority of subjects these differences were not striking and 
might be overlooked unless compared by circulatory efficiency 
standards. In Subjects 2 and 16, however, examples were obtained 
of an extremely unfavorable effect of faulty posture on the circula- 
tion. In both cases the blood pressure fell rapidly from its initial 
level, the pulse rate became markedly accelerated and the patient 


T/me le io 30 tfo 




Fio. — Blood pressure and pulse rate in the correct and incorrect i)Osture.s — 

Subject 15. 

complained of faintness. In the corrected posture these events did 
not occur. These individuals evidently had a tendency toward 
jiostural hypostatic congestion (a condition which is more common 
than is usually realized). In .such cases, hypostatic congestion and 
the resultant cerebral anemia, may be prevented by the action of 
the abdominal muscular tone in compressing the splanchnic blood 
reservoir. This effect, together with the increase in vital capacity, 
make the correct posture a distinct advantage to cardiovascular 
function in the majority of cases, while in a few cases its influenc-c 
may be .spectacular. 

Discussion. It is again pointed out that these observations con- 
cern only the immediate results of change in posture: to what e.xtent 
the effects arc permanent or may be modified by the adaptation of 
the subject to an improved stance can be determined only after a 
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lapse of sufficient time and under strictlj’’ comparable experimental 
conditions. There is also an unavoidable element of experimental 
error associated with the methods emplo 3 '^ed. But even with due 
allowance for these factors, we believe that the following opinion 
is substantiated: Correction of faulty posture is generally a signifi- 
cant advantage to circulator.y and respiratory function, and in some 
cases maj^ have important therapeutic value. All individuals, how- 
ever, are not equally or similarly benefited. The differences in 
effect do not appear to depend entirely upon the degree of the defect, 
but rather upon the degree to which the patient is handicapped by 
the defect. Full correction of posture is sometimes unfavorable 
to maximum ph 3 ’'siologic efficiencjL Too rapid change from a poor 
to a corrected posture is also likelj'' to be fatiguing and obscure the 
benefit otherwise derived. Rarely it is possible that an ortho- 
pedically faulty posture maj’^ be a compensatory adaptation of the 
body to other abnormalities and should not be changed. 

Summary and Conclusions. 1. Eighteen healthj’^ subjects with pos- 
tural defects of the k^'^pholordotic type were studied with respect to 
the immediate physiologic changes produced by correction of posture. 

2. Corrected posture did not alwaj'^s produce an elevation of the 
diaphragm with respect to the top of the chest nor did the heart 
alwaj^s become more transverselj’' placed. The cause and signifi- 
cance of these facts are discussed. 

3. The vital capacity was increased by assuming a corrected 
posture but it was noted that flexibility of posture was essential in 
obtaining optimum results. 

4. The respirations in the corrected posture became slower and 
deeper and the respiratory minute volume was increased. 

5. The oxj’^gen consumption was not altered in a consistent 
manner but there was suggestive evidence that under normal condi- 
tions it is lower in the corrected than in the faulty posture. 

6. Blood pressure and pulse-rate changes on standing indicated 
in the majoritj’" of subjects a better degree of circulatory efficiency 
in the corrected posture. In 2 cases the corrected posture was able 
to prevent a postural hj'^postatic congestion. 

7. It was concluded that the correction of postural defects has a 
significantly beneficial effect on circulatorj'- and respiratory function 
in the majority of cases. Its value varies considerabty between 
individuals for reasons which are not alwaj's evident. In some cases, 
its effect maj’^ be spectacular. Full correction maj’^ occasionall.y be a 
phj'siologic handicap. For each individual there is an optimum 
posture, the attainment of which produces the maximum therapeutic 
benefit. 
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INTEA-ABDOMINAL TORSION OF THE APPENDICES 
EPIPLOIC^;. 

With Report of Two Cases and Review of the Literature. 

Bt F. a. Fiske, M.D. 

CLIXICAIi ASSISTANT IN* SUnCEHY, TEStPLB UNIVERSITY HOSPITAI., 
PHIUADELPHIA, PA. 

(From Senior Surgical Scn'icc, Tcmpio University Hospital, Philadeiphia.) 

The appendices epiploicie occur along the entire colon from the 
' cecum to the rectum, being most numerous in the transverse and 
pelvic colon. They appear in tnm rows, originating in relation to 
the anterior muscular band and the postero-internal band; rarely 
a third row is observed, and occasionally only one row is present. 
They have been described as pouches or processes of peritoneum, 
which contain a variable amount of fat, usually considerable in 
obese persons (Hunt). The blood supply for each consists of one 
artery and one vein; arising from the superior and inferior mesen- 
teric arteries, and emptying into the superior and inferior mesenteric 
veins. 

The physiologic function of the appendices epiploicie is not clearly 
understood. Robinson believes that they are concerned with the 
movement of fluids in the large bowel. The anatomic confinement 
of the appendices epiploicm to the colon where fluids are reabsorbed 
makes this theory quite probable. He pointed out the dissimilarity 
between the structure of these processes and the great omentum 
as a refutal of the protective theorj’^ which is lield by some authors. 
The fact that these structures have been found adherent to other 
inflamed abdominal viscera is not adequate proof of their protective 
nature. Patterson has suggested that they may aet simply as 
bumpers for the large intestine, fending it from the parieties and 
other nsccra, thus facilitating peristalsis. 

Their pathologic changes are chiefly due to mechanical interfer- 
ence with the blood supply or inflammation. Torsion, either within 
the abdomen or within a hernial sac, is the most frequent cause 
of disturbed blood supply. Simple incarceration of an appendix 
epiploica within a hernial sac may be sufficient to cause gangrene. 
Inflammatory reactions in the form of fat necrosis, subperitoneal 
hemorrhages and gangrene usually follow a disturbance of blood 
siqiply. As a result of sudden torsion the appendix epiploica may 
become detached, forming a free foreign body within the peritoneal 
cavity, or it may become calcified remaining attached or becoming 
detached. Bacterial invasion leading to pure inflammatory changes 
may occur from an associated diverticulitis. Intastinal obstruction 
has* been produced by adherent bands formed following disease 
of the appendices cpiploiac. lAical peritoneal absea-^scs and genend 



Fig. 1. — Appendix epiploica showing partial thrombosis of central vessel with 
perivascular leukocytic infiltration. Note the hemorrhage throughout the tissue. 
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peritonitis have been attributed to disease of the appendices epi- 
ploicse. 

Of the pathologic changes occurring in the appendices epiploicse, 
intraabdominal torsion and inflammation are the most common. 
All cases reported as torsion within a hernial sac and as loose foreign 
bodies within the peritoneal cavity have been omitted in this paper. 

Review of the Cases Reported in the Literature. The first 16 cases 
of intra abdominal torsion of the appendices epiploicjE were ab- 
stracted and reported b^^ Hunt in 1919. Since no additional cases 
were found these cases were not included in our tabulation but have 
been referred to by number in the bibliography, the case number 
and bibliography number corresponding. 

Report of Two Cases. Case 43 ('24014). A female, aged 42, was 
admitted to this hospital, service of Dr. W. Wayne Babcock. Three days 
before, she was seized with sharp pain in the lower left abdomen, following 
an attack of coughing. The pain became duU, constant and was made worse 
by motion. Vomiting occurred for the first and only time after eating 
dinner the night before admission. The bowels were moved for the first 
time, since the onset of pain, the night before admission by an enema, this 
increasing the pain. There were no previous attacks. The appendix vermi- 
formis had been removed 22 years ago. Ten years ago she had an operation 
for a ruptured ectopic pregnancy. The temperature was 99° F., the pulse 
rate 90. The abdomen was somewhat obese but not rigid or distended. 
A deep-lying, tender, nodular, inass the size of a bean was palpated about 
mid-way between the left anterior superior spine and the umbilicus. The 
leukocyte count was 11,700 with 75% neutrophils. A pre-operative diag- 
nosis of torsion of an appendix epiploica was made by Dr. Babcock. 

Under spinal anesthesia the_ abdomen was opened through a 10 cm. left 
transverse muscle-splitting incision. Arising from the sigmoid an appendix 
epiploica measmang 18 by 30 by 10 mm., purple-red m color, was found and 
removed Ijy ligation of the base. There was no torsion of the pedicle. The 
surrounding peritoneum was injected and covered with plastic exudate. 
Adjacent non-inflamed diverticula^ of the sigmoid were observed. Patho- 
logic report was acute inflammation, thrombosis and hemorrhage of an 

appendix epiploica (Fig. 1). tt -i 

The patient was discharged m 13 days. Until the present, 14 months 
later, there have been no abdominal syrnptoms. 

Case 44. A male, aged 27, was admitted to the service of Dr. Babcock. 
He complained of pain, increased by motion, in the left lower abdomen, of 
gradual increasing severity and of 24 hours’ duration. There was no nausea 
or vomiting. The bowels were moved by an enema at the onset of the pain 
and moved normally the da}!" of admission. Four months previous he was 
in the hospital complaining of generalized abdominal pain associated with 
nausea and vomiting. The diagnosis of subsiding appendicitis or gastro- 
enteritis was made, and he was discharged in a few days. Othenvdse there 
was no history of preidous abdominal sjmptoms. The patient was well 
developed. There was tenderness on slight pressure in the lower left quad- 
rant, no masses or abdominal rigidity. Rectal examination produced pain 
and tenderness above and to the left of the prostate gland. The leukoc 3 de 
count was 9800 with 70% neutrophils. A pre-operative diagnosis of diver- 
ticulitis was made. 

The abdomen was opened through a 10 cm. transverse muscle-splitting 
incision mid-waj'- between the left anterior superior spine and the umbilicus. 
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Table 2. — Abstracts of Cases of Intra-abdominal Torsion Since 1919. 
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35S FISKE: intra-abdominal torsion of appendices EPIPLOlCiE 

A twTsted blue-black appendix epiploica measuring 2.5 by 2.5 by 7 cm. 
was found and removed. Three adjacent yellow-gray appendices epiploica; 
were resected. The vermiform appendix was not removed. Pathologic 
section showed hemorrhagic infarction of an appendix epiploica. 

Convalescence was complicated by a pansinusitis, cervical adenitis, and 
muscular pains. Up to the present, 2} years later, there has been no return 
of abdominal pain. 

Discussion. To the 42 cases of intraabdominal torsion or infarc- 
tion of the appendices epiploic® reported in the literature we have 
added 2, bringing the total to 44 (23 males, 21 females). For 37 
cases the average age was 44.3 years; the oldest 70, the youngest 20. 
Many authors state that obesity is a predisposing factor, however, 
it was directly mentioned or implied in onlj’’ 15 of these cases. 

There w'ere no clinical sjTnptoms referable to the diseased appen- 
dix epiploica in 5 cases; the condition being found incidentally at 
autopsy in 2 instances, and during a laparotomy for another condi- 
tion in 3 cases. Of the remaining 39 cases, 32 presented aeute 
abdominal sjnnptoms necessitating operation, 8 of these cases also 
had a historj’’ of chronic symptoms, in the remaining cases the 
siTnptoms were entirely chronic in character. Abdominal pain is 
the only constant s.^’mptom; the character varies from sudden severe 
to chronic recurrent; in 3 cases it followed coughing or lifting; 
motion increased the pain in some cases. The pain was located in 
the lower abdomen in most cases, the left side was involved in 18, 
the right in 17, and in 2 cases it occurred in the epigastrium. Ten- 
derness localized at the site of pain was recorded in’22 cases. Nausea 
was present in 10 cases and vomiting occurred in 8. In 7 cases an 
abdominal tumor was described. 

The pathologic changes in all the cases were more or less similar, 
the appendix epiploica being somewhat enlarged; and blue, black, 
or purjile in color. On section, thrombosis, hemorrhagic infarction, 
cellular infiltration, and fat necrosis were characteristic. The dis- 
eased appendix epiploica arose from the sigmoid in 26 cases, the 
cecum in 9, the ascending colon in 4, the transverse colon in 2 and 
the descending colon in 1. Torsion of the pedicle was describetl in 
all but 4 of the cases (Randall, Robertson, Ober and ours). Randall 
thought the lesion in the appendix epiploica was thrombotic or 
embolic in origin. In our case thrombosis of the central vessel was 
found on section, and we do not feel that the adjacent non-inflamed 
or adherent divertiaila had any ctiologic significance. Localized 
plastic peritonitis and peritoneal abscess were present in some cases. 
Intestinal obstniction was caused by the diseased appendix epiploica 
in 2 cases (Riedel and Hamilton). 

A correct pre-operative diagnosis was not made in any of the 
cases reviewed. The diagnosis of appendicitis in some form was 
the most frequent error. Among the pre-operative diagnoses made 
were torsion of ovarian cyst, diverticulitis, tumor of the sigmoid. 
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tubo-ovarian disease, cholelithiasis, degenerated myomata, intes- 
tinal obstruction and paralysis and peritonitis. 

There were 5 deaths in the cases reported; in 2 cases the condition 
was an incidental autopsy finding, 1 having died of cardiac failure 
and 1 of acute hemorrhagic pancreatitis. In 3, the disease of the 
appendix epiploica was directly responsible for death. The case 
reported by Riedel died 1 day after operation from intestinal ob- 
struction caused by a twisted appendix epiploica arising from the 
cecum and adherent to the middle portion of a coil of mesentery of 
the small bowel. In the case of Ebner, death occurred on the seventh 
postoperative day of intestinal paralysis secondary to torsion of an 
appendix epiploica. Seely e reports a death occurring a few days 
after operation due to generalized peritonitis following drainage 
of an abscess caused by a twisted gangrenous appendix epiploica. 
This is adequate proof that torsion of the appendices epiploicse is a 
serious condition which demands recognition and proper treatment. 

Conclusions. 1. Intra-abdominal torsion and hemorrhagic infarc- 
tion of the appendices epiploicae are definite clinical entities. To 
the cases found in the literature, 2 are added. 

2. The most characteristic clinical symptom was abdominal pain 
usually occurring over the site of the lesion. There may be associated 
localized tenderness. Nausea and vomiting were uncommon. A 
palpable tumor was present in 7 cases. 

3. Intra-abdominal disease of the appendices epiploicse resulted 
in complications causing death in 3 cases. 

4. Pre-operative diagnosis is difficult. In any obscure case of 
abdominal pain which is not explained by operative findings, an 
exploration of the appendices epiploicse should be considered. 
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A Di.YBETic ought not to die from uncomplicated coma. In the 
first place, barring an infection with sequential acidosis, that he is in 
coma is presumptive evidence of ignorance or neglect. In the second 
place, even though coma is present, adequate and early therapy 
should save the patient. Ncverthele-ss, uncomplicated diabetic 
coma deaths continue to occur. In a total of 35 coma fatalities 
from 1923 to 1935 Joslin’* reported that 11 had no other complica- 
tions. In our clinic from .January 1, 1931 to July 1, 1935, 21 out 
of 52 coma deaths were uncomplicated. In the series here presented 
the criterion for coma is a plasma carbon dioxid combining power 
of 20 vol.% or less, though the difficulty re.sulting from an arbitrary 
figure is recognized. Almost all of our 21 cases were not hospitalized 
until hours after the beginning of the symptoms of oncoming coma. 

The clinical picture of the.se patients in the terminal stages is 
strikingly similar, the outstanding features being the very low blood 
pressure, the rapid heart rate and usually a sharp rise in temperature. 
These features may be present when the patient is admitted but 
more often appear after the coma treatment has been begun. Not 
infrequently they are present Avhen good resjmnse is obtained to 
treatment as mea.surcd chemically by a rising i)la.sina CO^. Laurie® 
has reported similar findings and found that recovery was rare in 
the presence of both cardiovascailar failure and marked liyperpyrcxia. 

• IVbminary report given iK'fore the PI»il:w!elphi;i Neuro'.ogiml .‘■'oeFly. T^.'eeni- 
IxT, l!i:!4. 




Fig. 2. — Case 7. Cortc.x showing cellular proliferation of the cortical vessels and 
focal areas of cell loss in third and fourth cortical layers (Brodmann). X 48. 







Fjg. 3. — Case 0. Putatnen and globus pallidus showing perivascular edema with 
fibroblasts and macrophages in the dilated perivascular spaces. Vessels show cellular 
proliferation. X 09. 



I'ln. 1. — Ca'^o 3. Paraventricular nucleus of the tuber showing dilatation of the 
vess'-Is and .“welling of the emlotheliuin. There is ln“-i of many of the large hyisT- 
chromatic eell.s. The eiKuidyma i.« proliferatetl. x 09. 
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UNCOMPLICATED FATAL DIABETIC AClDOftlS 

Several investigators have predicted a cerebral factor but to our 
knowledge no one has demonstrated a cerebral lesion or explained 

its physiologic modus operandi. . i i • 

We have studied 8 cases in which no adequate gross pathologic 
cause of death could be found; all were without demonstrable infec- 
tion; the diabetes was of comparatively short duration; and the 
patients were young enough to minimize the usual degeneiatuc 
vascular changes. 


Table 1.— Summary of Data of S UxcoMPLicATEn Cases of Diaiietic Acidosis. 
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* SC — Semioonscious. U = Unconscious. 


_ A summary of certain clinical and chemical data is to be found 
m the table. Case 1 has been included, although the admission CO, 
was 24, because clinically and pathologically the picture was similar 
to the other 7 cases and because it stresses the fallibility of creating 
an arbitrary chemical figure to indicate coma and precoma. 

i'ostmortem examination of the various organs in .summarv 
anTof ^^^y^^g,.^“iounts of myocardial degeneration, congestion 
™ of the other organs. Our interest, hm™ 

Aiitonc' ^ brain, of which detailed studies were made' 

‘“OS within 24 h™rs at; 

3.— SBPTEMBKn, 193G 13 UHLUI 
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death. All brains were sectioned immediately upon removal and 
dehydrated in graded alcohols. The tissue was embedded in celloidin 
and stained with toluidin blue, hematoxylin-eosin, and Van Giesen 
stains. 

Description of Cerebral Lesions. In cases of diabetic acidosis, 
the subarachnoid space is moderately widened, the veins show 
dilatation and stasis with escape of both serum and cellular contents. 
The endothelial cells of the arachnoid are proliferated. Collagen 
fibers and j^oung fibroblasts are present, as' well as macrophages 
filled with blood pigment. 

In the cortex, the capillary bed is dilated and shows degenerative 
changes in the endothelial cells. The small cortical vessels show 
similar changes with, additionally, the increase of the adventitial 
cells. There is perivascular edema and often masses of blood pig- 
ment in the perivascular space. 

The cellular architecture is disturbed by the loss of ganglion cells, 
especially in foci in the third and fourth layers (Brodmann). The 
ganglion cells, themselves, show pericellular edema, with shrinkage 
of the cell. The c.ytoplasm is shrunken, and the Nissl substance 
greatly reduced. The processes are pale, spikelike and often de- 
tached. The nucleus is large and granular in appearance. The 
nucleolus is at one pole, and is often fragmented. In the lower 
layers, the cytoplasm finally disappears to leave a bare, dark, 
nucleus with a fragmented nucleolus. There are many shadow cells 
and bits of cellular debris. In cases which have been in coma several 
days, there is accumulation of lipoids in the cells and some of the 
ganglion cells show sclerosis. 

The cortical neuroglia is not greatly increased, although satellitosis 
is present and the astroc^les show small masses of yellow pigment 
in the cj-toplasm. However, around the ventricles there is prolifera- 
tion of the siibependymal astroglia and the ependymal lining of the 
ventricles is increased with the formation of wartlike projections, 
especially in the hypothalamic portion of the third ventricle. 

In the choroid plexus, the vessels in the tufts show extreme stasis 
with degenerative changes in the walls, and collagen fibers filling 
the space between the vessels and the epithelial layer. The epithe- 
lial cells themselves show a swollen, granular cytoplasm, and pyk- 
notic nucleus. IMany are desquamated. 

In the basal ganglia the vascular changes are more intense than 
in the cortex. Here the dilated perivascular spaces often contain 
collagen fibers, fibroblasts, and occasional macrophages filled with 
blood pigment. This is most marked in the large subependymal 
veins. The effects of this tissue edema vary greatly in the basal 
nuclei. All the ganglion cells show aaite degenerative changes, but 
in the globus pallidus the cells arc reduced to mere .shadows, often 
with lipoid accumulation. In .«ome of the cases where acidosis 
was of long duration, the ve.ssel3 of this nucleus are infiltrated with 
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calcium salts. The cells of the substantia nigra are, for most part, 
reduced to masses of pigment. 

The large h^T^erchromatic cell groups of the hypothalamus are 
greatly swollen, with an eccentric or partially protruded nucleus. 
The cell body is irregular ^th large isolated masses of chromatin 
deposited at the peripherjL Lipoid accumulation is present, espec- 
ially in the cells of the substantia innominata. Sommer’s sector 
of Ammon’s horn shows selective ischemic change with loss of cells. 

The pyramidal pathway shows status spongiosus and great 
decrease in neuroglial cells. In the cerebellum, the cells of the 
granular layer are decreased, and the Purkinje cells, which are 
also reduced, present ischemic cell changes. The dentate nucleus 
is greatly reduced in size. The cells show a hj’^alin-lilce polychromatic 
cj^toplasm with lipoid at one pole. The nucleus is compressed 
at the other pole and contains a large metachromatic nucleolus. 

In the medulla, the changes in the inferior olive parallel those 
in the dentate nucleus. The dorsal motor nucleus of the vagus 
shows greater cell degeneration than the other nuclei of the floor 
of the fourth ventricle. Some of the cplls are entirely fragmented, 
others are covered with melanotic pigment; the capillaries are very 
numerous and widely dilated and the perivascular edema is marked. 
The extramedullary roots of the vagus show proliferation of Schwann 
cells and of perineural connective tissue. 

Summary of Pathologic Brain Changes. In brief, the brain in 
fatal diabetic acidosis shows lesions like those seen in acute asphyxia. 
The primary pathologic changes occur in the cerebral capillary bed. 
The capillaries are dilated, and the endothelial cells show degenera- 
tive changes with increased permeability of the walls as evidenced 
by the presence of perivascular and pericellular edema. 

As a result of the cerebral edema there is proliferation of neuroglia , 
especially in the subependymal and marginal areas, and acute 
degenerative changes in the ganglion cells. The capillary changes 
are identical throughout the brain, but the degree of cellular destruc- 
tion varies in different localities. The degeneration of the ganglion 
cells is gi-eatest in the third and fourth cortical layers, in the extra- 
pyramidal system, in the cerebral vegetative centers of the dien- 
cephalon and of the medulla, in the olivocerebellar system and in 
Sommer’s sector of Ammon’s horn. Because of its structural make- 
up, the choroid plexus is severely damaged. 

Discussion. At present, we have no exact knowledge of the mech- 
anism of production of the cerebral anoxia in diabetic acidosis. 
However, relying upon the results of experimental investigators, we 
have attempted a theoretical reconstruction of the abnormal physiol- 
ogy. We feel that there is cerebral anoxia, primarily based upon 
reduced blood volume with hemoconcentration.^ As the result, 
there is marked reduction in blood pressure both systolic and dias- 
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tolic. This causes a reduced cerebral blood flow since it has been 
shoAvn that cerebral blood flow passively follows changes in blood 
pressured^ 

Due to the absence of a vasoconstrictor mechanism in the intra- 
cerebral vascular bed,*^ stasis occurs more rapidly in the brain than 
in other portions of the body and leads to local anoxia of the capil- 
lary wall.^ This anoxia is further increased by the inability of 
concentrated blood to take up oxj'^gen as readily as normal blood. ® 
Due to these factors there is an increased permeability of the capil- 
lary wall. 

The increased permeability occasions cerebral edema. Once the 
edema is established rapid death of the cells takes place due to their 
intolerance of stagnant tissue fluids,* and their high oxygen require- 
ments.*'"'’® 

A variation in the susceptibility of parts of the brain to anoxia 
has been demonstrated in the work carried out by the U. S. Bureau 
of hlines, relative to the effect of atmosphere deficient in oxygen. ** 
In these reports the areas of the brain indicated by Chornyak as 
most susceptible to oxygen insufficiency are identical with those in 
our cases which show the greatest damage. 

It will thus be seen that the reduced blood volume and hemocon- 
ccntration with resulting low blood pressure produces vascular 
stasis more marked in the brain than elsewhere. This, in turn, 
results in increased capillarj- permeability, transudation of fluid, 
pericellular edema and cellular death. It might be argued that 
these cerebral vascular changes are due to capillary damage by the 
increased acid bodies found in coma. If the lesions were specific 
for diabetic coma such a theory would certainly be tenable, but 
they are not specific for diabetic coma. Similar cerebral changes 
have been found here in non-diabetics of at least two tjqies; 1, 
Those patients which have had an acute exsanguinating hemorrhage, 
and 2, cases dying from congestive heart failure. In diabetic coma, 
there is a reduction in total blood volume comparable to a severe 
hemorrhage. Electrocardiographic and pathologic evidence fre- 
quently point to severe myocardial damage associated with diabetic 
coma. It is our belief that the cerebral vascular stasis is initiated 
by the reduced blood volume, Avhich stasis is subsequently increased 
as a result of myocardial failure. 

^Ve have postulated the possibility, that the cerebral lesions may 
be due to circulator^’ cerebral decompensation. It is our belief 
that when the cerebral lesions become irreversible, due to long con- 
tinued cellular anoxia, they further embarrass cardiac function, by 
])aralysis of the vasomotor and other vegetative centers, so that in 
spite of an im])rovcment in the acid base balance, the patient dies 
from vasomotor colhqise or from failure of re.spiratorx’- or cardiac 
function. "We are not prepared to attempt an exjflanation of the 
terminal liyperi)yrexia. It is possible that it is central in origin 
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resulting from degenerative changes produced in the region of the 
hypothalamus. 

Summary. 1. The clinical and chemical findings in 8, fatal, un- 
complicated, cases of diabetic acidosis have been described. 

2. The pathologic brain findings in these cases have been reviewed. 

3. A theory for the failure of adequate treatment to produce 
recovery in these cases has been advanced. 
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The syndrome known as carotenemia has long been recog- 
nized and its frequent incidence in patients witli diabetes mellitus 
noted.^'-'® . There is however only* 1 case^ in the literature which 



30G I^UIIENTE, PRESENT, RAELI: 

includes a necropsy report. Because of this, and the recent interest 
in carotene as a precursor of vitamin A, we are reporting the clinical 
course and postmortem findings of a diabetie patient with caro- 
tenemia. 

Wachenroder,“ in 1826, isolated a yellow pigment from carrots 
and named it carotin. In 1896, Baelz® described a condition of pig- 
mentation of the skin which he called aurantiasis cutis. This was 
due to the ingestion of mikan, a Japanese orange. In 1903, Croeker^ 
noted that “there is a xanthochromia of the skin not due to jaundice 
in some cases. It is more marked on the face and trunk than on the 
limbs, hut the conjunctiva; and buccal mucous membrane are un- 
colored and there is no bile in the urine and feces.” Although he did 
not state the cause, it is probable that his description referred to 
cases of carotenemia. The first case in a diabetic patient was 
described by von Noorden,® in 1904, as xanthosis diabetica. It 
was characterized by a canarj^’-yellow tint of the palms, soles, and 
nasolabial folds. He regarded a high vegetable diet as responsible 
and found that when the diet was discontinued the yellow color 
disappeared more rapidly in normals than in diabetics. Moro® 
later described “sub-icterus” in nurslings fed on carrots and milk. 
Following this van den Bergh and Snapper,^ in 1913, showed that 
the pigmentation in diabetic xanthosis was due to a pigment of the 
nature of a vegetable lipochrome. Burger and Reinhardt^®’” believed 
that the pigment was exogenous in orgin and demonstrated a rise 
in senim carotene after a diet of green vegetables. Palmer and 
Ecklcs'^ had previouslj' stated that the carotene of milk fat was not 
synthetized in the body, but was exogenous. The first description 
in English was by Hess and Myers.^® They noted coloration of the 
skin in infants on a diet containing carrots. Since then numerous 
cases have been reported. 

The dietarj' substances thus far listed as causing carotenemia are: 
carrots, pumpkin, yellow squash, yellow turnip, parsnip, spinach, 
green and yellow beans, kale, orange, and eggs. 

Physiologic Chemistry. Tire vegetable pigment carotene is a 
highly unsaturated hydrocarbon with the formula C‘''’H®®. There 
are three natural isomers: the a, /3, and 7 forms. In spite of consider- 
able investigation within the past few years, the fate of ingested 
carotene is still open to discussion. Ahmad*^ found that on a fat- 
free diet rats excreted 90% of the carotene fed, but there was almost 
complete absorption when the diet contained 10% fat. Greaves 
jind Schmidt'® found that in rats the absorption of ^-carotene is 
largely dependent on the presence of bile acids. According to 
Drummond,'® carotene may be absorbed from the intestines in the 
form of a water soluble, diffusible complex with bile acids. In the 
blood a double colloidal phenomenon is involved (Palmer'’). First 
there is a colloidal adsorption of carotene by albumin and second 
a colloidal solution of the albumin in plasma. This theory was 
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based on the fact that carotene could not be extracted directly 
from plasma. This has since been partly contradicted by van den 
Bergh and Muller^s who found that a colloidal aqueous solution of 
carotene will act similarly. 

That carotene is converted to vitamin A and will cure the symp- 
toms of A deficiency has been shown by Moore^® and others. The 
chemistry of this conversion is apparently a hydration of the central 
double bond of the carotene molecule— 

Carotene Vitamin A 

V C40H60 + 2H2O > 2C20H30O 

The a, / 3 , and 7 isomers have the values 1-2-1 as sources of vita- 
min A. The actual mechanism of the conversion is unknown. 
Some workers have suggested an enzyme in the livery®’^ but other 
workers have been unable to confirm these results.®® 

Carotene in excess of the amount which the liver is capable of 
converting to vitamin A is either destroyed or excreted. Although 
both Hess and Myers^® and Wells and Hedenburg®® reported that 
after carotene injection the urine beeame a darker yellow, it is 
probable that the deeper color Avas due to impurities in the carotene 
resulting from the method of extraction rather than to carotene 
itself. Palmer®^ found carotene in human milk fat. DeBuys®® 
reported the case of a mother on a high A'^egetable diet Avhose milk 
was a deep orange color and whose children Avere born pigmented 
and remained so until after Aveaning. Carotene has also been demon- 
strated in cerumen.®® 

The chief means of excretion is apparently through the SAA^eat. 
Miyake®'^ stated that in cases of carotenemia the pigment was dis- 
tributed around, the sAveat pores, and that the sweat gland apparatus 
, was more intensely pigmented than other skin structures. Experi- 
mentally, Ansai®® found that in rats the pigment AA^as excreted in 
the sweat and then absorbed by the horny layer of the sldn. The 
horny layer is thickest on the palms and soles, Avhich are usually the 
most pigmented parts of the skin in carotenemia. 

We are reporting the clinical course and postmortem findings of a 
diabetic patient who developed carotenemia and later died of acute 
intestinal obstruction: 

_ Case Report. B. R., a single white male, aged 45, laborer by occupa- 
tion, was first admitted to the wards of this hospital on Januarj' 29, 1934. 
His family history was significant in that his father had died of diabetes 
mellitus at the age of 74. His only preAdous disease was measles in child- 
hood. Although he had lost 50 pounds in the preceding year, his complaints 
of polydipsia, polyuria, and polyphagia had been present onl}' 1 month. 
Physical examination reA’^ealed an emaciated, AA^eak, listless male, weighing 
115 pounds. There was a pronounced acetone odor to the breath but no 
h 5 perpnea. He AA^as dehj'^drated. The heart sounds were normal, rate 80, 
rhythm regular with occasional premature contractions. The blood pressure 
was 154/108. The blood count was within normal limits. The urine on 
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admission Tvas colorless, specific gravity 1.030, glucose 3.5%, acetone and 
diacetic acid marked. The patient was treated with insulin and infusions 
of glucose and saline and was acetone-free in 8 hours with a blood sugar of 
160 mg. % after having received 290 units of insulin, 300 of ^ucose, 
and 4 liters of a normal saline solution. His diet and insulin requirement 
were then adjusted and he was discharged on March 20, 1934, on a diet 
of carbohydrate 200 gm., protein 75 gm. and fat 85 gm. and 30 units of in- 
sulin daily. 

He attended the clinic irregularly and re-entered the hospital on July 26, 

1934, with a history of ha-vdng omitted insulin and broken his diet for 1 
month. His weight had decreased 94^ poimds. His urine contained glucose 
and ketone bodies. He was again readjusted as to diet and insulin, his 
weight increased to 110 pounds, and he was discharged on August 30, 1934, 
on a diet of carbohydrate 300 gm., protein 105 gm. and fat 118 gm., with 
30 units of insulin daily. 

He again failed to attend the clinic regularly and re-entered the hospital 
on November 21, 1934, weighing 91 pounds, in mild ketosis and with nutri- 
tional edema. He was given a diet of carbohydrate 300 gm., protein 70 
gm. and fat 85 gm., with 80 units of insulin daily. In addition, carotene 
was given as a source of \dtamin A. Before the administration of carotene 
his blood serum carotene averaged 0.242 mg. % (method of "White and 
Gordon-^) . He received a total of 255 cc. of a 0.3% solution of carotene in 
oil over a period of 62 days. At the end of this time the serum carotene had 
risen to 0.688 mg. %. After 41 days, vuth a serum carotene of 0.540 
mg. % the palms of the hands and soles of the feet became yellow and 
there was a faint diffuse pigmentation of the head. This coloration persisted 
during the whole period of observation, which extended up to 2 weeks after 
the cessation of carotene administration. He was discharged on May 2, 

1935, in excellent physical condition, being sugar and acetone free and 
haidng gained 34 pounds. 

He was brought into the hospital on May 6, 1935, in a stuporous state, 
acutel3' ill, in shock, and in marked ketosis. The abdomen was rigid. The 
urine contained glucose, acetone and diacetic acid; the blood sugar was 
500 mg. %; the CO- combining power was 8 volumes %; and the blood 
non-protein nitrogen was 100 mg. %. The white blood count was 46,100 
with 85% neutrophils. He was treated with insulin and infusion and clyses 
of glucose and nonnal saline, and received a transfusion of 500 cc. of whole 
blood. In 14 hours his urine was acetone-free; the blood sugar was 143 and 
the N.P.N. 75 mg. %; the CO- combining power was 35 volumes %. His 
condition was greatly improved. The white blood count had fallen to 10,150 
with 86 % neutrophi].s. However, his abdomen was still rigid and distended. 
The patient now vomited for the first time, and the vomitus gave a markedly 
positive benzidin reaction. The temperature had risen to 102° F. A diag- 
nosis of intestinal obstruction was made and laparotomy advised. 

At operation the obstruction was found to be due to a Meckel’s diverticu- 
lum and a ^lickulicz iloostoinj' was performed. The patient died 9 hours 
postoperatively. 

Autopsy (48 hours postmortem). We are indebted to the Pathological 
Haboratories of Bellc\'uc Hospital for the autopsj' report. The positive 
findings were: Adhesions about a Meckel’s diverticulum with localized 
l)eritonitis. Immediatel}' above the aortic ring and extending for several 
centimeters were small, irregular, raised areas, 2 to 4 mm. in diameter. 
These plaques were a deep orange-j'cllow color except for small 3'elloMsh- 
white centers. The intima for the most part was normal. In the abdominal, 
and to a lesser extent in the thoracic aorta, were many similar small plaques 
relatively isolated. The .mperior mesenteric nrtcr3- presented an unol>- 
structed lumen in its proximal portion with several non-elevated orange- 
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yellow intimal plaques. About 2| cm, from the origin of this artery, there 
was one plaque measuring 2 cm, in length, | cm. in width, and 3 to 4 mm. in 
depth. The proximal portion of this plaque was covered by endothehum 
but the distal half presented a tapering extremity which projected freely into 
the lumen of the vessel, unattached to the underl 5 dng intima. 

The liver weighed 1800 gm. and showed fatty changes. The fat in the 
mesentery of the small intestine exhibited many irregular sharply defined 
areas colored orange-yellow in contrast to the surrounding light yellow 
of the normal fat. This change was limited to the fat of the mesentery 
of the small intestine and was not present in the retroperitoneal or subcu- 
taneous fat. 

Microscopically the liver showed no abnormal pigirientation. Fat 
globules were present in about 80% of the polygonal cells. The cytoplasm 
of many cells showed vacuolated areas which did not stain with Sudan III. 
Glycogen was present only in small amounts as determined with Best’s 
carmine stain. 

Section through the large plaque in the superior mesenteric artery re- 
vealed a large intimal plaque lying in a trough formed by a wavelike depres- 
sion of the media and adventitia. The plaque consisted of a superficial 
portion of dense connective tissue and a deeper vacuolated area containing 
many acicular spaces. Fat stains revealed extensive fat deposits in the 
deeper half of the plaque. 

The liver was analyzed for vitamin A by the method of Davies®“ and for 
carotene by colorimetric comparison against Lovibond yellow glasses. 
Table 1 shows the content of vitamin A and carotene as compared to foldings 
in other cases. Table 2 gives the liver fat in this case. 

Table 1 , — Analysis of Liver for Vitamin A and Carotene in Cases of Dia betio 
AND Non-diabetic Individuals as Eeported by Other Observers 
AND IN This Case. 

(Lovibond Blue Units Represent Vitamin A; Lovibond Yellow Units Represent 


Carotene), 

A. Blue units per gram of liver tissue; 

Moore.’* Wolff.” Ralli.” This case. 

Diabetes rnellitus . . 1160 484 414 1317 

Non-diabetic .... 282 206-245 356 

B. Yellow units per gram of liver tissue: 

Ralli.” This case. 

Diabetes rnellitus 29.9 39.2 

Non-diabetics 10.1 

Table 2. — Liver Fat and Cholesterol. 

Total lipid* gm. % 11.700 

Unsaponifiable fraction gm. % 0 . 552 

Total cholesterolt gm. % 0.296 

Cholesterol esters gm. % 0 . OSS 

Free cholesterol gm. % 0.208 


* The total lipid and unsaponifiable fractions were determined on an alcohol- 
ether extract of the wet tissue — the total lipid being the petroleum ether soluble frac- 
tion. 

t The micro-gravimetric method of Man and Peters” was modified for applica- 
tion to tissue lipids. 

Discussion. Gordon, Connor and •Rabinowitch'* reported the 
postmortem findings in a diabetic who had bad a yellow-colored 
skin for 14 years. At autopsy the vertebral arteries contained large 
golden yellow nodules. The arteries of the circle of Willis showed a 
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severe degree of arteriosclerosis and were a bright yellow color. 
Microscopic examination of these vessels showed changes similar 
to those observed in our patient. Our case, in addition, had yellow- 
ish deposits in the mesenteric fat. 

The occurrence of a high blood carotene in diabetics has been 
reported by Brandaleone and Ralli.® They formd the average fasting 
level in normals .109 mg. % and in diabetics .262 mg. %. The 
source of this increased blood carotene is a matter of speculation. 
Palmer^^ has said that “even a diabetic could not show a xanthosis 
unless his diet contained carotinoids.” Another explanation for 
the increase in blood carotene in diabetics has been suggested by 
pre^^ous investigations from these laboratories.^’ This explanation 
points to the possibility of an interference in the conversion of caro- 
tene to ^’itamin A by the liver. In the analyses of the livers of 8 
diabetics and 13 non-diabetics” for vitamin A and carotene, it was 
found that the carotene content was higher in the diabetic individ- 
uals. If ingested carotene accumulates in the liver, due to a dimin- 
ished abilit}' on the part of that organ to convert it to vitamin A, 
a rise in blood carotene might result because of the consequent 
inability of this organ to absorb as much carotene from the blood. 
Another explanation for the accumulation of carotene in the liver 
might be a failure to destroy the pigment. To a certain extent the 
pigment is destroyed in the body, but there is no proof of where 
this destruction takes place. 

Rabinowitch’ found a high blood carotene associated with an 
increase in blood cholesterol in diabetics. The figures of other 
workers” do not entirely confirm this and Boeck and Yater” found 
no relation between xanthosis and blood fat. It might be, however, 
that since carotene is handled by the body in much the same manner 
as the fats, that with a disturbance of the metabolism of carotene 
the excess would be found in the fat deposits. The orange-colored 
deposits in the mesenteric fat observed in this case and the intensely 
yellow color of the arterial plaques in both eases support this sug- 
gestion. 

Summary. The case of a 4.5-year-old white male with a history 
of diabetes mellitus of 2 years’ duration is reported. Prior to the 
administration of carotene the blood carotene was higher than 
normal. Following the administration it rose to a level of .540 
mg. % and at this level clinical evidence of carotenemia was 
observed. Postmortem examination revealed deposits of carotene 
in the mesenteric fat and in the arterial plaques. 
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ARTERIOSCLEROSIS IN YOUNG DIABETICS. 

A Method for Its Recognition by Arterial Elasticity 

Measurements. 

By Phillip Hallock, M.D., M.S., 

JIINNEAPOUS, MINN. 

(From the Department of Medicine and Graduate School, University of Minnesota.) 

It is a commonly accepted clinical observation that the peripheral 
arteries of diabetics are more susceptible to the development of 
arteriosclerosis than are those of non-diabetics. This observation 
has been confinned by the finding of extreme sclerotic changes in 
vessels of extremities amputated for diabetic gangrene and by the 
visualization of peripheral arterial calcification by Roentgen ray. 
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Autopsy studies show further that approximately 100% of diabetics 
dying after 40 years of age have some evidence of vascular sclerosis, 
and that at least 50% of all diabetics die as a result of cardio- 
vascular complications. The high incidence of cardiovascular dis- 
ease can be explained by modern advances in treatment and im- 
provement in dietarj'^ regime Avhereby the life of the diabetic is 
definitely prolonged, or, as a vT-iter on the subject has recently 
stated, "the diabetic now lives long enough to develop cardio- 
vascular disease.” 

It is interesting then, to inquire when arteriosclerosis has its 
inception in the life of the diabetic. Does it manifest itself early 
in the course of the disease, irrespective of the age of the diabetic, 
or does it appear only as a late manifestation particularly in older 
diabetics who are already in the arteriosclerotic age? A knowledge, 
therefore, of these factors is extremely important, because if the 
span of life of the diabetic is to approach that of the normal, pre- 
mature arteriosclerosis much be prevented. On the other hand, if 
arteriosclerosis is already present, the management of the patient 
should be such as to prevent, if possible, further development of the 
degenerative process. 

Recent work indicates, not only that arterioselerosis is a common 
complication in the elderly diabetic, but also that it may develop 
prematurely in young diabetics. This has been ascertained by 
various procedures. Warren,^ in a study of 72 autopsies upon 
diabetics of 40 years of age and under, noted tissue changes second- 
arj' to arteriosclerosis in 50% of the cases. Joslin^ and Shepardson,'* 
separately, found by Roentgen ray examination, a relatively high 
incidence of vascular sclerosis in the lower extremities of a large 
number of young diabetics. Further confirmation of the existence 
of premature arteriosclerosis in young diabetics has recently been 
established by Rabinowitch, Ritchie and McKee,i who studied by 
statistical methods the relationship of eardiovascular disease to the 
age of diabetics and to the duration of the disease. In compiling 
their data, not only did they employ the Roentgen ray technique for 
studying calcification of the bloodvessels of the lower extremities 
but also they searclied for e\ddence of arteriosclerosis by examining 
the retinal vessels, by determining roentgengraphically the size 
of the cardiac shadow, and by utilizing other clinical procedures, 
c. g., blood-pressure determinations, palpation of the radial vessels 
and auscultation of tlie heart sounds. 

The. problem of arterioselerosis may also be investigated by 
measuring tlie degree of \’ascular sclerosis in terms of arterial elasticity 
or arterial rigidity. For the purpose of this study I recorded tlie 
elasticitj' of bloodvessels in 22 diabetics, all of whom were under 
35 years (Table 1); 18 were 20 years and under; the youngest dia- 
betic recorded was 6 years of age (average, 10 years). The duration 
of the diabetes ranged from 3 months to 6 years, with the exception 
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of 1 case in which the patient gave the history of having iiad the 
disease for a period of 8 years (average about 3 years). All were 
receiving insulin and could be classified as moderately severe dia- 
betics with one exception in which the condition was mild. Two 
had been admitted to the hospital on 3 different occasions, each 
time in a state of diabetic coma. The blood pressure readings in 
all cases were normal. 


Table 1.- 

—Arterial Pulse Wave Velocities in Diabetes. 






Radial pulse 

Aortic pulse 






wave velocity 

wave velocity 

Duration 





(meters 

(metcra 

of 

No. of cases.. 


Age. 

Sex. 

per sec.). 

per sec.). 

diabetes. 

1 . . 


6 

M 

5.5 


3 years 

2 . . 


. 10 

P 

6.15 

4.64 

5 years 

3 . . 


. '10 

F 

5.43 

5.26 

2 j^ears 

4 . . 


. 11 

M 

5.7 


1 year 

5 . . 


. 11 

M 

6.0 

4.0 

2 years 

6 . . 


. 12 

P 

5.52 

4.05 

2 years 

7 . . 


. 12 

P 

- 5.7 

4.3 

5 years 

8 . . 


. 13 

. P 

7:0 

5.1 

2| years 

'9 . . 


. 14 

P 

, 6.6 

6.0 

3 years 

10 .. . 


. 14 

M 

7.96 

5.03 

3 years 

11 . . 


. 15 

P 

7.1 

6.2 

4 years 

12 . . 


. 16 

M 

6.45 

4.7 

4 years 

13 . . 


. 17 

M 

7.1 

4.1 

5 months 

14 . . 


. 17 

M 

6.44 

4.85 

6 years 

15 . .. 


. 17 

M 

6.32 

4.39 

J year 

16 . . 


. 17 

P 

9.04 

5.16 

5 years 

17 . . 


. 18 

M 

0.04 


J year 

18 . . 


. 20 

M 


5.G 

8 years 

19 . . 


. 22 

F 

oios 

. . « 

J year 

20 . . 


. 26 

M 

6.3 

, . 

1 month 

21 . . 


. 27 

P 

6.42 

5.45 

4 years 

22 . . 


. 34 

M 

8.3 

6.89 

5 years 


In a previous communication, I® pointed out that arterial elas- 
ticity or arterial rigidity can be evaluated by determining the rate 
at which the pulse wave is propagated through the arterial tree, inas- 
mueh as it is not possible to measure arterial elasticity directly on 
the living subject. Since the velocity with which the pulse is trans- 
mitted along arteries depends on the elasticity of the vessel walls, 
one can obtain an index of the degree of arterial rigidity or arterial 
elastieity by determining directly the velocity of the pulse wave in 
living man. Bramwell and Hill,® after mathematical treatment of 
the equation relating the velocity at the front of the pulse wave 
to the coeffieient of volume elasticity, have shovm that the velocity 
of the pulse wave is a direct function of arterial rigidity, or an 
inverse function of arterial elasticity. Thus an increase of velocity 
of the pulse wave implies an increase in arterial rigidity, or, con- 
versely, a decrease of arterial elasticity. By the employment of an 
optical recording apparatus I® studied the velocity of the pulse 
wave through the aorta and iliac vessels (velocity of the aortic pulse 
wave) and through the brachial, radial and carotid vessels (velocity 
of the radial pulse wave) in a series of 553 normal cases, and was 



374 uallock: aktekiosclerosis in young diabetics 


thus able to establish a mean normal pulse-wave velocity value 
for various age groups ranging from childhood to old age. 

The mean normal pulse-wave velocity values for the various age 
groups are graphically represented in Figures 1 (velocitj’’ of the 
radial pulse wave) and 2 (velocity of the aortic pulse wave) in the 
form of point-to-point curves for 5- and 10-year inteiA’'als (center 
line). The outer lines were dravm according to one standard devia- 
tion above and below the mean pulse-wave velocity for each age 
period. Hence, by the definition of the standard deviation, 16% of 
the normal cases should fall above the upper line and 34% between 
the upper and center line. It is therefore possible, by plotting 



Age in years 


Fio. 1 . — Velocity of the raclinl pulse -vvavo. Graph showing tlic mean normal curve 
(center line) and tlic normal rones of variability (draT\-n according to one standard 
deviation above and l)elow the normal mean). The dots indicate the velocity of 
the radial jnilse wave (c.xpresscd in meters per second) of 21 young diabetics. 

values for velocity of pulse waves on these normal standards, to 
evaluate the effect of various vascidar pathologic states upon 
arterial elasticity. ^Yhen the radial velocities for the 21 cases of 
diabetes were plotted on the standard graph (Fig. 1) 12 cases fell 
above the upper line where only 3 were e.xpectcd, 9 fell between 
the upper and lower line where 14 were e.\pectcd and none fell below 
the lower line where 3 were expectcfl. According to the Chi-square 
test^ such discrepancies in the velocity of the radial pulse wave 
could not occur by chance alone oftener than G times in 100,000. 
In view of this significant value it follows that young diabetics asa 
group have a higher radial jmlse-wave velocity than the normal. 
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On the other hand when the aortic velocities for 17- cases were 
plotted on the standard graph (Fig. 2) 6 cases fell above the upper 
line where about 3 were expected, 9 fell between the center and 
lower line where about 12 were expected, and only two fell below 
the lower line where about 3 were expected. According to the Chi- 
square test such discrepancies could occur through the operation 
of chance alone 30 times in 100; hence cannot be considered statis- 
tically significant. Inasmuch as the trend of these values tends 
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Fig. 2.— Velocity of the aortic pulse wave. Graph showng the mean normal curv'c 
(center lino) and the normal zones of variability (drawn according to one standard 
■ deviation above and below the normal mean). The dots indicate the velocity of the 
aortic pulse wave (expressed in motors per second) of 17 young diabetics. 

toward higher velocities, it is probable that if more cases had been 
recorded the results would also have been more definitely significant. 
However, until this can be statistically verified, the effect of diabetes 
on the elastic arteries such as the aortic and iliac vessels must remain 
an open question. 

Comment. It is apparent from this study that an increase of 
arterial rigidity or, conversely, a decrease of arterial elasticity 
in the medium-sized arteries, may accompany the diabetic 
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state, and that this abnormal decrease of arterial extensibility mani- 
fests itself unusually early in the course of the diabetic’s life. This 
is of particular clinical significance when one takes into account the 
fact that all patients studied in this series have not yet reached the 
age when arteriosclerotic changes were to be expected. Th&assump- 
tion, must, therefore, be advanced that diabetes predisposes the 
vascular system, perhaps by some morbid metabolic derangement, 
to the development of premature arteriosclerosis, and in consequence, 
stiffening of the arterial wall. 

The results of this study are supported by findings of other ivriters 
who have investigated the problem by various methods. As already 
mentioned, Shepardson^ found by roentgenologic study of arteries 
of the lower extremities evidence of arteriosclerosis in 36% of 50 
diabetics, the average age being 23.4 years and the average duration 
of the disease being 6.9 years. Joslin* by a similar technique found 
evidence of arteriosclerosis in diabetics 50 j'ears of age and under in 
15.4% of his cases who had had diabetes for a period less than 5 
years, and in 57.2% of his cases who had had diabetes for more than 
5 years. In the study by Rabinowitch and his co-workers^ of a 
large group of diabetics by various methods, previously mentioned 
it was found that of 162 individuals of 50 years of age and under 
who had had diabetes for 5 years or less, vascular disease was found 
in 64 cases, or an incidence of approximately 39%. 

In the present study the findings appear particularly significant 
when one considers that the average age of the 22 diabetics recorded 
is 16 years and the aA-erage duration of the disease is slightly more 
than 3 years. 

The results of the above studies justify the conclusions that 
arterial hardening appears prematurely in young diabetics. At 
the present time there is no definite evidence available to indicate 
why an increase of arterial hardening occurs prematurely in some 
diabetics and not in others. If this etiologic factor were knoivn 
it would be of inestimable value in controlling and possibly elimin- 
ating the development of premature arterial aging in the diabetic, 
but until further evidence is forthcoming the idea must be accepted 
that every young diabetic is a potential arteriosclerotic. To com- 
bat the development of arteriosclerosis in diabetes several investi- 
gators (Joslin, Rabinowitch, Geyelin, Shepardson) have advocated 
the high carbohydrate and loAv-fat diet as opposed to the high-fat 
diet on the theory that diabetics Avho are on a high-fat diet develop 
a hypercholesterolemia, the presence of Avhichmay be an important 
factor in the production of vascular sclerosis. Whether the high- 
carbohydrate and loAV-fat diet will be efl'cetive in preventing arterio- 
sclerosis nr holding it in abeyance, however, remains to be ascer- 
tained by further studies. But regardless of what therapeutic 
measures are proposed to treat the diabetic it becomes apparent 
from this study that no treatment can be regarded as successful 
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unless it has become effective in checking the development of arterio- 
sclerosis or the progression of the disease if it is already present. 
Only by accomplishing this can the diabetic’s span of life be increased 
to approach that of the normal. 

Summary. The pulse-wave velocity method was utilized in 
studying arterial elasticity in the large and medium-sized arteries 
of 22 young diabetics. To test the significance of the pulse-wave 
velocities obtained in this study the well known Chi-square test 
was employed. While the values for the transmission of the aortic 
pulse Avave did not indicate any significant changes from the normal, 
those for the transmission of the radial pulse Avave Avere definitely 
significant. 

Conclusion. The diabetic state either initiates early or acceler- 
ates the development of premature arteriosclerosis in the young 
adult. 
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some general considerations,' the influences of hepatic dysfunction,- 
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the lev'els of ovarian activity,® and the phases of the reproductive 
cycled Determinations have been made simultaneously of the 
effects of these various agencies on the utilization of pure galactose; 
these observations have served as eontrols, previous studies® 
having established criteria of usual performance. While both 
sugars are governed broadly by the general provisions of carbo- 
hydrate utilization, such as transformation to glycogen and ultimate 
oxidation to carbon dioxid and water, the earlier studies have clearly 
demonstrated that there are certain highly significant differences 
in the several mechanisms of the intermediate metabolism of these 
two sugars. The present paper deals with an extension of the 
earlier investigations to include a number of morbid states all 
unassociated with the endocrine system and all of which are gener- 
ally recognized as influencing directly or indirectly the utilization 
of carbohydrates by the human body. 

Method. In wew of the more detailed statements of the previous 
])apcrs, only brief reference need be made to the methods of study. Indi- 
^’icluals presenting one of the conditions under investigation were hospital- 
ized and thoroughly studied for a period of not less than' 1 week. Tliis 
served not only to document the presence of the primary condition with 
adequate objective cwdence but also to evaluate the possible coexistence 
of other secondary conditions which might independently influence the 
replts of the study. Tlais is of vital importance, particularly when the 
criterion of function level is no more than an end result susceptible to the 
influence of a vide variety of seemingly imrelated agencies. So far as 
possible, cases were selected wluch were demonstrably free from disturbing 
complications. In a few instances tliis general provision was abrogated 
to include some indi^^dual whose condition was of especial interest; all 
such cases mil be noted in the body of the report. 

Sugar tolerances were estimated by a modified Hofmeister® 
technique, for reasons previously discussed. Ten-gram gradations, 
as usual, were selected for the galactose test meals, while 25-gra. 
stadia were regarded as more appropriate for IcNTilose with its sig- 
nificantly higher tolerance limits. The usual precautions as to 
adequate preliminary feeding for a period of days, basal state at 
time of testing with control of exercise and temperature, were 
rigorously observed. 

Lcvulose was te.sted for qualitativ'ely by the methods of Benedict 
and SeliwanofV, while the quantitative estimation involved a com- 
bination of the Benedict titration, Folin-Wu procedure after the 
use of Lloyd’s reagent, the precision polariscope, and the use of 
controlled fermentations with washed yeast. The full analytical 
details are reserved for a later communication. 

Tlic composition of the study series togctlier with a few de.scriptivc 
details is presented in Table 1. 

'■J'hc jire.'ent liver group is drawn only in small part from that 
earlier discussed, = cases with significant complication being largely 
excluded. Tiircc of the series had histories of earlier neural damage 
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consisting severally of a fractured spine, hydrocephalus and a pos- 
sible encephalitis; none of them gave current evidence of organic 
lesion at the time of examination. In addition, there was 1 case 
of treated sj^philis with negative serologic tests but a positive gold 
curve in the spinal fluid. The hepatic status was defined by the 
summation of evidences derived from the history, physical exaiiina- 
tion, icteric index, van den Bergh, duodenal function (McClure), 
blood and urine studies, and the radiologic examination of the gall- 
bladder (Graham), 

Table 1. — Composition of Semes. 




Sex. 



Ago fyrs.). 


Subgroup. 

Male. 

Female. 

Total. ' 

High. 

Low. 

Average. 

I. Hepatic dysfunction 

10 

30 

40 

71 

13 

34.2 

II. Syphilis 

0 

10 

10 

00 

5 

.34,0 

III. Neural disorder . 

4 

10 

20 

54 

9 

24.7 

IV. Blood dyscraaia . 

8 

4 

12 

73 

20 

53.7 

V. Malignant neoplasm 

8 

2 

10 

05 

15 

49.5 

VI. Infection . 

6 

5 

10 

13 

8 

11.0 

Total .... 

. 41 

07 

108 





Five of the syphilitics were of congenital origin with characteristic 
physical stigmata supplementing the usual objective e\'idences. 
Practically all of the group had received extensive treatment but 
half of them still gave positive serologic response. One patient 
had an earlier history of head trauma but neurologic examination 
failed to disclose evidence of residua certainly attributable to it. 

The group with neural disorders was highly diversified. One- 
half of the composing members had a traumatic background ; there 
were 3 sisters with Friedreich’s ataxia, single cases of diabetes 
insipidus, hydrocephalus, cord tumor, and postmeningitic and 
encephalitic conditions. All were carefulB’^ studied neurologically. 
Three were achondroplastic dwarfs. 

The blood dyscrasias were also diversified, with 7 cases of primary 
anemia together with 2 of lymphatic (32,000 and 58,000 leukoc^'tes) 
and 1 of myelogenous (1,236,000 leukocytes) leukemia, and 1 each 
of polycythemia (11,060,000 erythrocytes) and chlorosis. The 
anemias gave characteristic blood pictures, positive neurologic find- 
ings, and presented achlorhydria and negative response to neutral 
red. One diagnosis was further confirmed at autopsy. One of the 
lymphatic leukemia cases gave a positive duodenal function test 
indicating disturbance of biliary production, implying a degree of 
hepatic dysfunction. 

The cases in the malignant group comprised 2 patients with 
Hodgkin’s disease; the others all had neoplastic growths, primary 
in the stomach, prostate, larynx, pancreas and breast. Several bad 
secondarj’^ metastases— in 2 instances to the liver— and 1 breast 
cancer was recurrent. One testicle case had been operated seem- 
ingly with success and, as will be shown later, had the only normal 
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galactose tolerance in the group. One of the throat cases had been 
earlier treated for lues; the current serologic tests were all negative. 

The final group was composed chieflj' of children with both badly 
infected tonsils and sinuses. An acute appendicitis presented in 
3 of these and they were discharged for operation. 

Except as indicated above, subversive complications were absent, 
and in a number of the positive reports significant current involve- 
ment could not be demonstrated. 

The females are in ratio of 3 to 2 in the total group, a somewhat 
higher masculine proportion than that usually encountered. Excep- 
tion is noted in the cancer and blood groups, in which also no chil- 
dren appear. The basis of the case selection renders the fact of 
no significance but prevents the sex factor, if any,* from playing a 
considerable role in the sugar study. The age scatter is a wide one 
in all but the last subgroup. The average ages reflect in some 
measure the primary conditions of the etiologie classification. 

Blood and urine data are germane to the consideration of sugar 
metabolism even though glucose be the usual carbohydrate measured. 

TABiiE 2 . — B1.00D A>n) Urine Data. 


Urine, 

elyco- Blood sugar (mg.). 

Buria 4- ■ ^ > 

Subgroup. (%). High. Low. Average. 

Hepatic dysfunction 20 lOG C9 93 

Syphilis ^ 31 117 75 95 

Neural disorder 10 107 78 90 

Blood dyscrasi'a 8 118 84 94 

Malignant neoplasm 20 113 85 96 

Infection 0 ... 


Only the children of Group VI fail to show at least 1 case of 
glycosuria. One-fifth of the hepatic and one-third of the luetic 
groups present this evidence of disturbed carbohydrate metabolism, 
the figures comparing well (23% and 25%) with those deriving 
from much larger groups previously reported.® The other compari- 
sons— malignancy 40%, blood dyscrasias 19%, and neural lesions 
25%— show a less frequent incidenee in the present series. So far 
as the metabolism of glueose may be equated with that of the other 
sugars this feature is desirable, as departures from the normal by 
the sugars under investigation gain an added significance. Tlie 
blood sugars show nothing remarkable, both the range and average 
values falling within the conventional limits of the normal. Excep- 
tion might possibly be made to the inferior limits in Groups II 
and III. These were single cases and the sole exceptions to an 
othenvise complete conventional normality. 

Before discussing the sugar tolerances as actually observed, brief 

• It scorns very doubtful if there be a sox difTcronce in the inet.abolism of levulose. 
Sw earlier citation.’ 



THE METABOLISM OF LEVULOSE 


381 


consideration must be given to the criteria of normal performance. 
These are collected in Table 3. 

With the sex difference and the fluctuations in the levels for the 
female seemingly intrinsic in her degree of sexual maturity, data 
can be equated in a mixed series only by recording tolerances in 
terms relative to the normal standard for each individual. Galac- 
tose tolerances, for this reason, are reported as normal or as percen- 
tile deviations, indicating both direction and degree of departure 
from the norm. 


Table 3. — Normal Tolerances. ' 


Galactose (gm.). 
20 

20 to 40 
40 

40 to 30 


30 

30 


Female. 

Prepuberal 

Puberal 

Adult 

Postmenopausal 

Male. 

Child 

Adult 


Levulose (gm.).’*’ 
75 to 100 
75 to 100 
100 to 125 
100 to 125 


75 to 100 
100 to 125 


* Values as given are approximate but conform to present dataJ 


Six of the liver group are at normal levels; the remainder exhibit 
varying degrees of depression. Further investigation of the 6 cases 
which conform to predicted tolerance shows that 4 of them are 
renal cases with definitely lowered renal permeability. The opinion 
has been expressed^® that this condition retards the elimination 
of sugar and thus raises the apparent tolerance level; our own 
experience is broadly confirmatory to this postulate. The remain- 
ing 2 cases gave some evidence of renal involvement though not of 
sufficient magnitude to be considered in this connection. In addi- 
tion, as one of us has shovm elsewhere,® a small percentage of 
uncomplicated liver cases demonstrate an increased tolerance for 
galactose. This certainly implies that an occasional case could fall 
between the abnormal extremes and show a normal level. 


Table 4. — Galactose Tolerance. 


Deviation. 


Subgroup. 

Above 

normal. 

Normal. 

±0 to 
-25. 

Below normal. 

—26 to 
-50. 

Over 

-50. 

Average 

(%). 

Hepatic dysfunction . 

... 0 

C 

2 

IS 

14 

-40 

Syphilis* .... 

... 1 

2 

1 

7 

4 

-37 

Neural disorderf . 

... 0 

2 

1 

10 

5 

-47 

Blood dyscrasia 

... 1 

0 

1 

4 

G 

-40 

Malignant neoplasm* 

... 0 

1 

0 

2 

0 

-54 

Infection .... 

... 0 

3 

0 

5 

2 

-33 

Total .... 

2 

14 

5 

46 

37 



* One case not tested, 
t Two cases not tested. 
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Syphilis shows a definite downward trend but not of rharked 
degree. One case is above prediction, a man, aged 42, with cardiac 
disease but nothing in the diagnostic pattern to account for the 
anomaly. The 2 cases with normal tolerance were both nephritics. 

A cardiorenal status offers possible explanation for 1 of tlie 2 
neural cases with normal tolerance; the other was a child, aged 10, 
with a history of severe head trauma but with a negative neurologic 
examination. 

The sole case in Group W vuth abnormal response to galactose 
was a woman, aged 73, with primary anemia and a significantly 
impaired renal function. The normal cancer case has already 
been noted— a testicular tumor which had apparently been success- 
fully operated and from which there were no demonstrated residua. 

With the relatively slight influence exercised on carbohydrate 
metabolism by infective processes that do not acutely involve the 
liver, it is not surprising that several of the infection group show a 
normal tolerance. 

Let it be noted, however, that with the exception of the few 
cases commented on above, the remainder of the series (85%) show 
a depression of galactose tolerance and in a measure best expressed 
by the report of the average deviation summarizing each subgroup. 

Not only do these several states lower the utilization power of 
the organism for the customary sugar glucose, as shown by the 
appearance of glycosuria, but also the tolerance for galactose is 
significantly lowered in a very large number of the individuals 
presenting the several conditions under investigation. 

The le-smlose data are collected in Table 5. Here the individual 
test-meal levels producing levulosuria are reported, as the normal 
standards are not as yet certainly defined. With the differences 
noted in the child and the adult, groups containing both are sepa- 
rated into their respective categories. This permits a tentative 
rough definition of normal, increased, or diminished tolerance on 
the basis of the standards given in Table 3. The data for the 
probable normals are given in heavy-faced type in Table 5: 


Table o . — Levulose Tolerance. 


SubCTOiip. 

Hepatic dysfunction (a) 

(c) 

Sj-philis (a) ... 

(c) ... 

Neural disorder (a) 

(c) . 

Blood dyscrasia (a) 
Mnlicnant neoplasm (a) 
Infection (c) . . . 


Over loO. 150. 
. 1 2 

.00 
. 2 1 

. 0 0 

. 1 0 

. 0 0 

. 0 1 

. 2 1 

. 0 0 


Bositive test meal (am.). 
12.'.. 100. 7,). 

3 6 17 

0 0 1 

0 0 7 

0 0 1 

1 4 3 

0 0 1 

1 5 1 

0 4 2 

0 4 4 


5 


37 


50. 

7 

0 

2 

1 

3 
2 

4 
0 
O 


4 

0 

0 

0 

2 

.3 

0 

1 
0 


Total . 


C 


21 


12 
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Dealing with the data as they present and for the moment without 
reference to the equivalent galactose indications, it is evident that 
an appreciable number of cases with hepatic dysfunction demonstrate 
a normal.utilization capacity. The trend with lues is unmistakabl}* 
downward, but 3 of this small series report tolerances that are 
definitely increased. One-third of the neural group are normal or 
above, and over half of the patients with blood dyscrasias fall in 
the same categories. Malignancy produces but a very moderate 
depressing effect, the 3 cases below the normal being balanced by 
an equal number above normal prediction. Finally, only 2 of the 
children fall below the normal zone. While some depressing effect 
on levulose tolerance is manifested by each of the several conditions 
comprised within the study group, the influences are far less potent 
than in the equivalent response to galactose feeding. 

This can be rendered more concrete by direct comparison. 
Reporting each case simply as normal, increased, or diminished, 
and waiving the possible greater nicety of arithmetical expression, 
a precision that is patently more apparent than real, the relative 
behavior of the two sugars can be contrasted. 

I 

Table 6. — Compabison of Deviations. 

Dovintions (%). 


Above normal. Normal. Below normal. 


Subgroup. 

'Gal. 

Lev. 

Gal. 

Lev. 

Gal. 

Lev. 

Hepatic dysfunction 

. . 0 

7 

15 

23 

85 

70 

Syphilis .... 

. . 7 

19 

13 

• 6 

80 

75 

Neural disorder , 

. . 0 

5 

11 

30 

89 

05 

Blood dyscrasia . 

. . 8 

8 

0 

50 

92 

42 

Malignant neoplasm 

. . 0 

30 

11 

40 

89 

30 

Infection .... 

. . 0 

0 

30 

80 

70 

20 

Total . . . 

. .1.9 

10.2 

13.5 

31.5 

84. G 

58.3 


In the group of hepatic dysfunction there is a reasonable degree 
of correlation. Galactose utilization seems to be somewhat more 
unifoi^mly depressed than that of levulose but both show the same 
general tendencies. This same observation applies to the luetic 
group, both sugars showing a lowered utilization in a majority of 
the cases. 

In the neural group the agreement is distinctly less good. Tlie 
galactose response is definitely more uniform than is that of levulose. 
In the blood dyscrasias there is an actual change in sign, with half 
of the levulose tolerances normal and only 42% depressed as against 
a 92% incidence of lowered tolerance in the galactose response. 
With the cancer group the discrepancy is e\'en more marked, wliile 
in the last series 80% show a normal levulose and 70% a depressed 
galactose tolerance. 
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The differences in the intermediate metabolism of the two sugars, 
touched upon briefly in the opening paragraphs, here finds marked 
expression. In the last three subgroups and tendentially at least 
in the third, there is a lack of agreement in the behavior of the two 
sugars that is of wholly convincing proportions. Significant as are 
the divergencies here manifest, an even more rigid analysis can be 
made by comparing the results obtained with each sugar in the 
individual case. 

Table 7. — Correlation. 

Agreement 


Subgroup. (%). 

Hepatic dysfunction 68 

Syphilis 80 

Neural disorder 61 

Blood dyscrasia 42 

Malignant neoplasm ; 33 

Infection 10 


In spite of the relative concordance of the reports from the liver 
cases when they are assembled as a group, this present more- 
searching approach shows that but 2 in every 3 cases agree quali- 
tatively, and this, let it be noted, waives the more rigorous com- 
parison which would. take cognizance of the relative quantitative 
relations. Correlation in the luetic series is high, confirming the 
indications of the previous comparison. The neural group shows 
a somewhat less satisfactory agreement than did the hepatic series, 
and the remaining three subgroups show a progressive lack of 
concordance that becomes almost complete in the fchildren’s series 
(Group YI). That this is not due to anj' influence intrinsic in 
childhood can be clearly demonstrated by a review of the results 
with children in the other groups. 

Table 7a. — C orrbl.\tion of Children’s Data. 


Subgroup. No. of c.nses. Agree. Disaprec. 

Ilepatio dysfunction 1 .0 1 

Syphilis 4 3 1 

Neural disorder 6 4 2 

Total 11 7 4 


In other words, the children, excluding those in Group VI, show 
an agreement of G4%, a value concordant with tluraverages of the 
several groups in which they occur. Patently one must seek further 
for the c.xplanation of the discrepancies shown by the children with 
infections. 

Discussion. A brief review of more recent literature discloses 
the wide array of contradictory reports which must inevitably occur 
where fundamentally different methods of approach and widely 
fluctuating criteria of positive respon.se preclude a common basis 
for comiiiirison. The general literature has already been briefly 
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reviewed in the first paper of this seriesd A few citations germane 
to the text may be given here. 

The infiuence of various types of hepatic disorders upon the 
tolerance for each of the sugars is still a field of active controversy 
with a steadily growing literature. A depressing influence of 
syphilis on levulose utilization has been reported/^’’^ and equally 
denied hepatic involvement was a feature in all of these series. 
Hurst^® could find no abnormality of the blood-sugar curve with 
levulose in cases of paralysis agitans and cerebral vascular disease. 
The levulose response in primary anemia is reported as normal/'^-^^ 
that to galactose as normal/^ and to glucose as depressed.*® Leu- 
kemia had no effect on levulose*^ and was depressed in but 1 case 
in 7 in a second report.*® Polycythemia is reported both as a 
depressing influence*® and as one withouf; effect*® on levulose toler- 
ance. Malignant neoplasm does not depress the utilization of 
levulose*® even when the liver was involved;®®’®* cancer of the head 
of the pancreas®® gave positive response in 3 cases of 5 tested. 
Many of the citations given above report only a very small number 
of cases, in some instances only 1. The papers from the Majm 
Clinic*^ ■*®’®® form a body of valuable material, but the Tallerman®® 
blood-sugar technique was used and this precludes a parity for 
comparison with the present studies. 

To recapitulate briefly, in our own studies all of the conditions 
under investigation produce a downward trend in the power of the 
human organism to utilize galactose, a trend that assumes some 
magnitude in 85% of the cases. Fourteen patients show a normal 
tolerance with 2 more an increased tolerance. Of these, 6 are 
primary liver cases, possibly explicable on the basis of the sugar 
anorhaly already noted.® One neural case and the testicular cancer 
gave no evidence of present disturbance. Four more were estab- 
lished nephritics and a lowered renal permeability may, but by no 
means certainly does, explain their failure to follow the character- 
istic trend. This leaves but 4 cases in the entire group whose 
observed tolerances depart from the expected level and for which 
no plausible explanation is now forthcoming. 

Turning to the levulose reports on these 16 cases, 2 of the liver 
and 1 with neural damage are in agreement with a normal tolerance. 
To these should be added 1 luetic patient whose utilization capacity 
for both sugars is increased. Of the remainder, 4 hepatic, 1 luetic, 
1 neural and 3 from the infection group show depressed tolerances, 
while 1 neural and 1 cancer patient are above prediction. The 
sole remaining case was the woman, aged 73, with primary anemia 
and an established nephritis who showed an increased galactose and 
normal (100 gm.) le^’ulose tolerance. One-tenth of the total leMi- 
lose reports are above and one-third more are normal. The rela- 
tive concordance between the two sugars in the hepatic and luetic 



386 


ro'ot:, 2vic:\L’\.nus, rilky, plumper: 


groups, which constitute one-half of the entire series, tends to 
minimize in the series summation the marked deviations character- 
izing the other four categories. 

That tlie liver plays an important but not identical role in the 
metabolism of the tv’o sugars seems probable, although, as noted 
above, this is still a matter of active debate. If this assumption 
be correct, it might be postulated that lues mediated its influence 
through the liver and that this was the explanation of the relative 
— but far from complete— concordance in these two groups. Unfor- 
tunately for so simple an adjustment, the neural involvement in 
syphilis is not a matter of speculation, and in the neural group 
tlie trend is toward a lack of agreement in the response of the two 
sugars. This finds even more certain expression in that of the 
blood cases. Disharmony prevails in the cancer series in which 
2 cases have demonstrated and a third a probable metastatic involve- 
ment of the liver. The 3 galactose reports on these patients are 
of a profound and uniform depression of tolerance; the le\mlose, 
on the other hand, shows a complete impartiality with 1 increased, 
1 normal and 1 slightlj' depressed. Certainly the postulate that 
the liver is the sole agent mediating these abnormalities in carbo- 
hydrate metabolism cannot marshal any adequate array of sup- 
porting evidence. In like manner, the complete absence of hyper- 
glycemia, particularly in the cases of long standing, rules out a 
hormonal pancreatic influence as the controlling factor. 

Once again, the only inference which seems warrantable from 
this latest collection of mutually inharmonious data is that in the 
intermediate metabolism of these two sugars a varietj' of mechan- 
isms are operati^'e, some seemingly influenced qualitatively alike, 
at least, by agencies common to both, and others, as in the mammary 
effect,^ in which only one participates. Further study with a wide 
variety of abnormal states of reasonably assured etiology may 
throw further light on the problem. For the present, nothing 
remains but to report the factual evidences derived bj" controlled 
c.xperimcnt. In the material thus far secured may be found certain 
data which should help toward a final resolution of some of the 
(jontradictory reports so widely recorded in the literature. 

Summary and Conclusion. In G groups of patients showing respec- 
tively hci)atic dysfunction, syphilis, neural disorders, blood dys- 
crasias, malignant neoplasms, and infections, the tolerance to levu- 
lose was determined. The total series comprised lOS patients. 
The cases of 11 children showing hepatic dysfunction, syphilis and 
neural disorders are likewise reported. 

The re.sults, compared with those .secured from the use of galac- 
tose as a test sugar, agreed in varying proportions from 10% in in- 
fections to 80% in s\q)hilis. The discrepancies in the various groups 
arc discussed. 
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It is concluded tliat in the intermediate metabolism of these two 
sugars a variety of mechanisms are operative, some seemingly influ- 
eneed qualitatively alike, at least, agencies common to both, and 
others in which only one participates. . 
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The unusual dermatologic phenomenon of localized redness, 
burning and edema, following the exposure of the skin to cold and 
occurring with or without a generalized reaction has been reported 
by a number of investigators (mostty European) since it was first 
described by Behier^ in 186G. Horton and Brown,-’-'* Horton,® 
Duke®-" Blackford,® Bray,® Paul,*’ Dobbs,** Weiss*® and Levine” 
have added reports of cases, witli experimental observations, to the 
American literature since 1929. Levine lias recently thoroughly 
reviewed the literature with a summarj' and discussion of the immun- 
ologic, humoral and neurovascular hjTiotheses of the etiology of the 
condition. He has included the report of 1 additional case. . 

Two cases of cold sensitivity are herein reported. Case 1 is more 
important; first, because of the unusually high temperature at 
which the reaction occurs, secondly, because it was possible to com- 
plete certain interesting experimental work, and, finally, because we 
were able to institute histamin therapy with definite improvement. 

Case Reports. Case 1. — An unmarried lad}', aged 32, who was honi 
in Austria of Jewish parentage and who has been a resident of the United 
States for the past 1.5 years, came to this clinic on July 23, 1935. Her 
complaints, at that time, were localized itching and burning sensations as 
well as throbbing headaches and generalized flushing folio-wing the exposure 
of an area of her skin to cold air or cold objects. Follomng such exposure, 
an area of redness and wheal formation would appear at the site exposed. 
She also stated that she was unable to cat ice cream or chilled food because 
her throat would soon seem ns though it were swollen, and she would have 
difllculty in swallowing. In May, 1934, she had an infection of the distal 
phalanx of the right index finger. She consvdtcd a physician, and the 
linger was incised. Neither a local nor a gencmj anesthetic was used. 
The finger drained, and healing was complete in 2 weeks. She did 
not receive any type of serum therapy. Approximately 2 months after 
the finger had healed, she noticed that, ns she iiandicd cold objects 
or washed her hands in cold water, this same finger became s^vollen and 
red. This i>hcnomenon did not occur on any other part of her hands at 
that time. A few days later, however, the same reaction occurred on her 
h.nnd.s, arms, feet and face. Her face would become extremely swollen 
when cxiKiscd to the cold winter air. TIic same would happen when she 

• Aitlctl by n graiil from the Josiah Macy. Jr.. Foundation. 
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carried a cold milk bottle against the skin of her arms. Her condition was 
as above described on admission to the hospital. With the exception of 
the statement that she becomes nauseated and often vomits whenever 
she eats egg in any form, there is a negative personal and familial allergic 
history. Her past history revealed only the following significant facts. 
She has a history of but one previous illness: 15 years ago, while crossing 
the ocean, she developed a cough which was diagnosed as due to bronchitis. 
During the winter months, for 3 years, there was a recurrence of the same 
condition, as there was each time she went swimming during the summer. 
For the past 2 years, however, she has not had an attack, but, during that 
time, she has not been svamming. For the past 15 years she has had a 
feehng of swelling in her throat whenever she has eaten ice cream. Wliether 
this reaction would have occurred before is open to question, since she 
never ate ice cream until her arrival in the United States. She continued 
to eat it until the summer of 1935, when it produced swollen lips to such a 



degree that she discontinued frozen foods in all forms. The menstrual 
history is normal. There has been a gradual but not an abnormal increase 
in weight for 3 years previous to this last year, during which it has reached 
a plateau. Physical examination was negative as to anything abnormal 
except the reactivity of her skin to cold. Laboratory reports were as follows : 

Blood count: red blood cells, 5,090,000; white blood cells, 9550; hemo- 
globin, 96%. Differential count: neutrophils, 72%; small lymphbcjdes, 
19 %;_ large lymphocytes, 6%; monocytes, 3%. 

Urine analysis: clear; specific gravity, I.OIS; sugar, negative; albumin, 
negative; acid reaction; microscopic examination: epitheUal cells. No 
hematuria, hemoglobinuria or history of same. 

Blood Wassermann: negative. 

Experimental Studies. Experiment 1. The temperature at which the 
reaction would take place was determined by filling a small flask vith 
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water and applying the flask to the forearm for a few minutes. The tem- 
perature of the water was gradually reduced, and, b}' recording the temper- 
ature of the flask as the temperature at which the reaction occurred, tiic 
results in Table 1 were obtained. Because the results obtained in this test 
seemed improbable, since the temperature of the object causuig the reaction 
was unbelievably high, it was repeated (Experiment la). One would expect 
that this patient would be in a constant state of edema as soon as the room 
temperature reached 24° C. (75.4° F.). This, however, actually was not 
true. A modification of this test showed that the reaction depends entirely 
upon the actual temperature of the skin, which represents a resultant of 
the temperature of the object in contact with it, the heat conductmty of 
the object, and the generation of heat by the tissues beneath the point 
of contact. Tliis was demonstrated as follows; the patient, while seated 
in a room of 22.3° C. temperature, for over an hour had no endence of 
reaction. The skin temperature of her arm was 31.4° C. A metal cabinet, 
which had been a permanent fixture in the room, had a temperature of 
23.5° C. or 1.2° C. higher than the room temperature. The cabinet, how- 
ever, seemed cold, since it removed heat from the arm more rapidl}'- than 
did the air; conscquentlj”, the arm became cooler, after it had been in 
contact with the metal for 4 minutes, and the skin temperature at the 
point of contact had been reduced to 27° C. A definite redness and edema 
appeared at the area thus cooled. 

Tlic temperatme of an object applied to the skin was gradually reduced 
as in Experiment 1, to_ determine the skin temperature necessarj’ for the 
production of the reaction (Table 1, Experiment la). 


TaIIIiF. 1.' 

— DETr.nMINATION OF TEMPEHATUnE 

AT Wmeu Reaction Occuks, 



Experiment 1. 



Tonip. of 



Room 

material 

Time of 


temp., 

“ C. 

Id 

contact, 

min. 

Reaction. 

2.5 

20.4 

4 

NcRativo 

25 

25.4 

4 

Negative ' 

25 

24.0 

4 

Redness; distinct wheals 



Experiment la. 




Tornp. of akin 
witb materi.al 
applied. ° C. 


24 

32.0 

31 .7 4 

Negative 

24 

20.2 

30.3 4 

Negative 

24 

25.1 

2,S.(i 4 

Redness; no edema 

24 

24.2 

27.0 4 

Rednes.'i; slight edema 

24 

24.0 

20.8 4 

Rcdnos,s; definite edema 


Control .skin tcmi>orntvirc of nrm nt room tcmiwratnro: 31.4° C. 


Erpcrirncnl 2. Tlic blood iircssurc, i)ul.«e and skin temperature and 
changes in size following the production of the edema in one liand and 
wrist arc noted in Table 2, Experiment 2. 

T.\m.r. 2. 

Ex]>n-inn-nt S. 

Ri:.‘'i’ON!=n TO Reaction. 

(Han'l and wist in S° C. water — H minute.^). 




Circxim- 


Tcmpt ratiirc^ C.). 


Time. 11 . R. 

Pul*c. 

(erer.cr 
of vri»t, 
cm. 

Room. 

Dorsum, 

Itnrul, 

Tijcta 

rhwk. 

i..n 

riicok. 

Control . . - 140/>0 

102 

15.75 

24 . G 



:i 5 .l 

Ten minutes after 

removal . . . 124 f70 

124 

18.0 

25.5 



•vo.k 


i 
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Experiment 3. The marked similarity of the patient’s generalized 
response to induced cold urticaria and to histamin hydrochlorid injected 
subcutaneously is noted in Table 2, Experiment 2. 

Experimeni S. 

CoMPA.RA.TIVE RESPONSE TO REACTION. 

Histamin hydrochlorid 1 cc. (1 to 1000 sol.) subcutaneously. 


Chcok 

' Time. B. P. Pulse. temp., ° C. 

Control 146/90 92 34.2 


5 minutes after histamin .... 132/68 135 , 

10 minutes after histamin .... 130/60 140 

15 minutes after histamin .... 126/76 126 36.1 

Experiment 4 . When a localized area of sldn was exposed to cold, a 
very definite local vasodilation appeared, a prominent redness of the skin 
could be seen, and a marked increase in the sldn temperature of this area 
resulted. This temperature rise was measured and noted in Table 3. 
Blood pressure and pulse readings are included. 

Table 3. — Temperature (° C.) Response of Area Exposed. 

Experiment 4- 



Dorsum, 

Mid- 3d 

Left 


Room. hand. 

arm. finger. 

cheek. Pulse. 

Control 

24.6 31.3 

31.6 32.2 

34.3 106 

Hand and wrist in water 8° C 

for 5 minutes .... 



112 

10 minutes after exposure 

24.6 35.7 

34.1 33.6 

36.1 

Hand in water Hand in water 

Hand in water 

Hand removed 

Control. 2 mins. 

3 mins. 

5 mins. 

10 mins. 

Blood pressure: 

142/90 146/94 

130/88 

122/84 

138/94 


Experiment 5. Bray^ and Levine*® were able to demonstrate, in their 
cases, local eosinophilia in a_ wheal produced by exposure of the sldn to. 
cold. This test was done twice on our case, but no eosinophilia appeared 
either time. The results are shown in Table 4, Experiment 5. 

Table 4. — Test of Local Eosinophil Response to Cold Urticaria. 

Experiment 6. 

I. 11. 

Eosinophil Eosinophil 
count count 

. per 100 per 100 

leukocytes, leukocytes. 


Index finger before exposure 2 0 

Same finger: Whole hand in edema 0 0 

Half hour later 0 ' 0 

Opposite index finger: Hand not exposed 0 0 

Half hour later 0 2 


Experiment 6. Horton and Brown® showed the histamin-like effect of 
the production of cold urticaria on the gastric acidity. This test on our 
case confirms their findings (Table '6, Experiment 6). 

Table 5. — Histamin-like Effect of Cold Urticaria on Gastric Acidity. 

Experiment 6. 

Specimen. Free acid. Total acid. 

Fasting 43 59 

Remarks: 

1. ^ Hand in -water 10° C. for 10 minutes. (Tourniquet at elbow.) 

2. Tourniquet removed in 5 minutes. 

3. Patient noted general effect, throbbing in head, 2-1 minutes after 

removal of hand from water. 

Specimen. Free acid. Total acid. 

10 minutes after hand was removed ... 78 90 

20 minutes after hand was removed . . . 92 '' 106 
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Experiment 7. Tlie Penitz, Brugel, Greenfeld reaction, in -(vhich 10% 
menthol in alcohol is applied to an area of the skin, and ^vhich, when 
positive, either produces the same reaction as does the cold or causes the 
area to become more hj'persensitivc to cold, was negative in our case. 
An area of redness resulted, but there was no urticaria, and the area thus 
treated did not show an increased hj^persensitinty to cold. 

Experiment S. Cold was applied to an area prc^^ously anesthetized with 
2% novocain intracutaneousli' and subcutaneously. In our case, an area 
5 by S cm., .over the deltoid re^on, was anesthetized. All sensation to 
cold was removed. A test tube containing ice was applied for 5 minutes. 
Edema in the anesthetized area resulted, but it was not so marked as in the 
unanesthetized area. 

Experim entO. The Prausnit z-Kustner reaction ; Venous blood was taken 
before and 25 minutes after e.vposurc of the hand to ice water for 5 minutes; 
the second blood specimen was obtained 18 minutes after the edema 
appeared, at the time it seemed to have reached its maximum. The serums 
were separated and injected intradermally into a normal person. After it 
had been injected and the area cooled -with ice for 5 minutes, neither serum 
specimen caused wheal fonnation. Lcrnne'’ reported 6 positive and 5 nega- 
tive results of other authors. 

Experiment 10. By transferring some edema fluid from an area in whicli 
it had been produced bj' the application of ice to an area free from edema, 
I>cvine'’ produced a sccondui^” urticarial wheal. Since lie had used normal 
saline as a vehicle to infiltrate the edema and recover the edema-producing 
substance, he used a normal saline injection as a control, also. We repeated 
this experiment and obtained similar results by injecting 0.2 cc. of edema 
fluid within 3 minutes, an area of urticaria 2 by 2 cm. had appeared. When 
0.2 cc. of normal saline was injected, no urticaria appeared. 

Doctors IVcstcott and Spain, of the Allcrgj’ Clinic of this hospital, inves- 
tigated by the use of 87 skin tests the possibilities of a sensitivity in this 
patient to inhalants and foods. They were, however, unable to discover 
any conclusive evidence of allcrgj', as indicated by skin testing. 

Treatment. Because of the remarkable improvement in the case reported 
by Braj',’ in which liistamin hydrochlorid was used in the method of 
de.«ensitization, we have instituted the same therap 3 '. On August 5, 1935, 
onlj' a few dav’s after the patient’s admission to our clinic, she received 
(l.l cc. of 1 to 1000 liistamin hydrochlorid intracutaneously. On alternate 
dnv's she received another intracutaneous injection, each succeeding one 
having been increased bj' 0.1 cc. of the solution, until 0.5 cc. was given. 
Then 0.5 cc. was injected subcutaneouslj'. This was increased bj^ 0.1 cc. 
on alternate daj's, until 1 cc. was injected subcutaneous^. This amount 
was tolerated pliysiologic.allj' but, because of the uncomfortable sensation 
of warmtli and the marked throbbing headaches which resulted, it did not 
seem advisable to make further increase. The patient has, therefore, con- 
tinued to receive 1 cc. of 1 to 1000 liistamin hj'drochlorid subcutaneously, 
.3 injections each week, and at the time of this report (December 10, 1935) 
lias had 30 such injections. Olijcctivcly, the edema apiiears as rapidly as 
it did when slic was first cx.amincd on .luh* 23, 1935; at this time, however, 
the cdem.a is not i^o severe and the lime necessary' for its subsidence i.s 
niucli less. Formerly, when her hand became edematous, when .she placed 
it in ice water she 'was practically unable to move the fingers and the 
swelling would not subside until from 3 to 0 hours had elapsed; whcrea.s, 
.at this time, with the edema produced identically as before, even when it 
is at it.s maximum, she can move her fingers and almost completely close 
tlie baud. The edema entirely subsides in one hour. .Sj-mptomatically, 
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she no longer suffers the intense burning, the throbbing headaches and 
weakness that formerl}'’ accompanied the local reaction. At times, how- 
ever, she still experiences mild burning accompanying the edema. Last 
winter she was unable to leave the house when the temperature was below 
freezing, whereas this year she has been able to go out in temperatures as 
low as 10° F. without marked symptoms. She believes that she is 60% 
improved. 

We have not used calcium lactate as suggested b3’’ Dubbs’^ because we 
desired to determine the value of histamin alone. We intend to try it 
when and if the patient does not continue to improve under the present 
therapy. , 

Case 2. — We are including, in addition, a report of a second patient 
whom we were unable to study in great detail but who also presents a 
definite clinical picture of cold sensithdty. This English woman, aged 40, 
is a very successful actress by occupation. She has since childhood been 
a strong swimmer and enjoyed especially the cold water of the British coast. 
In 1929, after plunging into cold water at Brighton, England, she collapsed, 
became unconscious and had to be taken from the water. She vomited 
and had a severe diarrhea. There was no generalized swelHng, but innu- 
merable ‘hvliite lumps,” up to 1 inch in size, appeared over her body. In 
2 hours she had completely recovered, except for slight weakness. That 
evening she felt well but, the next day, on going into the water, the syndrome 
recurred. There had been no antecedent history of dietary indiscretion 
or any other possible exciting factors. She had no symptoms during the 
cold weather of the winter 1929-30, but, in the summer of 1930 when she 
tried swimming in cold water, the syndrome recurred. There was no 
further recurrence until the summer of 1934, even though she swam regu- 
larly in cold water. The symptoms returned in severe form when she tried 
to swim in cold water in 1934. During the winter of 1934-35, for the 
first time, the patient developed severe urticaria of any portion of the 
skin exposed to cold air. This was very disturbing, since she was often 
compelled to go to the theater an hour or more in advance of her perfor- 
mance in order that the disfigurement from the facial urticaria could 
subside. She also noticed that, if she took cold drinks or food such as 
ice cream, her lips would swell and occasionally this extended to the throat. 
The warm weather brought about a lessening of these sjmptoms but, in 
the summer of 1935, water less and less cold could produce collapse, uncon- 
sciousness, urticaria and the rest of the original syndrome. Finally, it 
was brought on when the water temperature was measured at 68° F. 
Physical examination revealed no significant findings. Apphcation of ice 
to the surface of the forearm produced a pronounced wheal, approximately 
1 square inch in area; at the same time the blood pressure of 130/75Klropped 
to 100/65. It is possible that this was the result of the production of “H” 
(histamin) substance. This test was repeated wth similar results. Labora- 
tory studies showed the following results: 

Urine analysis: Clear; specific gravity, 1.016; acid reaction; no sugar 
or albumin; microscopic examination reveals epithehal cells. 

Blood count: Red blood cells, 4,220,000; w’^hite blood cells, 4500; hemo- 
globin, 74%; polynuclears, 72%; small lymphocytes, 20%; large lympho- 
cj'tes, 8%. 

Blood Wassermann: Negative. 

pheimcal examination of blood: Urea nitrogen, 14 mg.; sugar, 100 mg.; 
uric acid, 3.9 ing. Aside from a mild secondary anemia and a slight increase 
of uric acid, there were no findings of importance. 

_ Unfortunately, it was impossible to study this patient in the detail out- 
lined in our first case report, since she had to travel with her show. 
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Comineni. Case 1 is of interest because the experimental studies 
seem to give more weight to the humoral hj-jmthesis of etiology 
than to any other. The blood pressure, pulse, skin temperature 
and gastric acidity resj)onses of the patient to the cold urticaria arc 
very similar to those resulting when ' histamin is administered. 
^Ye, therefore, deduce, in agreement with other authors, that the.se 
phenomena are due to an “H,” histamin-like substance liberated 
from the tissue cells when they are exposed to certain degrees of 
cold. This substance is then taken up by the blood from the edema- 
tous wheal thus formed, Avhich re.sults in the production of the 
physiological responses Avhich simulate those of histamin. Bray'^ 
states in his article, "It has been shown that histamin is liberated 
in the skin of normal people when the temperature of the skin is 
decreased to 20° F. (—6° C.)”. In these cases of cold sensitivity, 
therefore, the threshold at Avhich histamin is liberated is raised. 
In Bray’s case, tin’s thresliold was rai.sed 2.5° F. or from 20° F. 
to 45° F. Since the temperature of the skin of our patient, at which 
the reaction occurred, was 2G.8° C. or 80.2° F., the threshold in our 
case is raised 00.2° F., an increase as compared with Bray’s patient. 

It is Avorthy of note that there AA-as no evidence of allergA' in Case 1 
in the skin tests, in eosinophil counts, in the passwe transfer of 
scrum test (Prausnitz-Kiistner reaction) or in a family and personal 
history. It is not clear, at present, AA’hy histamin, gh-en as aboA'e 
outlined, has relicA-ed this patient. 

Case 2 is similar to cases reported by Graszl'*, Tannhauser,*’' 
I>chncr,“'’ Netter,‘^ zum Busch'® and AlTolter,'® since this case first 
devcloj)ed symptoms and became unconscious when swimming in 
cold Avatcr. This patient Avould probably haA'c drowned had she 
not been re.saied. It Avould seem, therefore, that wider dissemina- 
tion of information regarding this syndrome should be undertaken. 
There arc undoubtedly many unrecognized cases of this condition, 
and the danger.s to these indiA'iduals, of swimming, tub-bathing 
or taking .shoAvers in cold AAater cannot be overemphasized. It is 
entirely possible that the reaction could be of such severity as to 
produce a dcjwcssion of blood pressure that Avould be incompatible 
Avith life. 

Sununary. ] . Two cases of urticaria, both females, from cold sen- 
sitiA'ity are reported. 

2. In the first case rather e.\'tcnsiA-c experimental studies Avcrc 
j)ossib!e. The beneficial elfccts of lii.stamin treatment Avere oh- 
scrA'cd. 

3. That the reaction occurred at an unusually high skin temper- 
ature in this case Avas demonstrated. 

4. Kx})criincnt points toward-s the humoral hypothesis of can^c 
of reaction. 

.5. The second ease is reported j»rimari!y be<-ause of the eonti»Iete 
collajASe Avlum swimming in wild wafer. 
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ESSENTIAL HYPERTENSION, 
n. Constitutional Considerations. 

By Marcus Backer, M.D., 

CLINICAIi ASSISTANT IN MEDICINE, YAEE UNIVERSITV SCHOOL. OF MEDICINE, 

BRIDGEPORT, CONN. 

(From the Department of Internal Medicine, Yale University School of Medicine, 
and the New Haven Hospital and New Haven Dispensary.) 

In the last few decades renewed efforts have been made to classify 
man into constitutional types and to associate certain disease- 
entities with one type of constitution or another. Much literature 
has accumulated on the subject, and a drastic divergence of opinion 
preA’'ails among the various “schools” on many a cardinal topic. 
One has to proceed Avith great caution, therefore, in any study of 
human constitution in order to escape the temptation of biased 
and hasty conclusions. 

With regard to essential hypertension, treatises on human con- 
stitution are conspicuous by their lack pf an exhaustive independent 
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investigation of tlie matter. Tiiere arc .sei'eral textbook statements, 
liowever, as Avell as many j>iil))ications in the current literature 
pertaining to this subject, -which arc at times very instnictive, at 
otliers, confusing and contradictory. For instance, such an eminent 
pupil of DcGiovanni and Mola as Nicola Pende,' makes the observa- 
tion that the habitus of cases of familial hx'pertension corresponds, 
among other things, to the hj-pcrgenital t\-pe. He adds tliat this 
accords well with the stimulatory action e-xerted upon the cardio- 
artcrial tonus by the genital and other hormones. Yet, elsewhere in 
the same book, this distinguished author claims emphatically that 
the hypcrgenital or h>'pcrsthenie type of constitution is character- 
ized by the absence of arterial In'pertcnsion. This contradiction, 
again, may be contrasted with the opinion of such authorities on 
human constitution as Julius Bauer- and Ludwig Braun“ who find 
no characteristic habitus of any kind in cases of essential liN-per- 
tension. Recently, Zipperlcn^* examined a series of cases of essential 
hypertension, and found an overwhelming prevalence of the hj'per- 
sthenic, pyknic, or apoplectic type of constitution. Barr’® of St. 
I^rouis, discussing Cushing’s still verj' debatable*’ hypothesis of 
pituitary basophilism in relation to hy])ertensive disease, expresses 
the opinion of many observers that the numbers of basophilic cells in 
the posterior pibiibiry lobe arc greater in hypersthenic than in as- 
thenic individuals, “thus in general tending to show predilection 
for the type of patient statistically most likely to have high blood 
pressure.’’ Conversely, Fossier^ and several others*’-® * depict the 
asthenic “tall and slender, longnecked . . . , usually emaciate’’ 
individual with the “elongated flattened chest of the paralytic tjpe’’ 
and with the “weakness of the abdominal parictes’’ as the bearer 
of the directly oj)po.sitc i)icturc, namely, essential hypotension.-'’ 
Sijiiilarly, a somewhat dimensional terminology’® describes a 
“linear type’’ with low blood pressure, and a “lateral t>pe’’ with 
high blood pressure. 

Etiologically, Fossier’s conception of the narrowing of the aortic- 
arch in hyposthenic subjects oilers a purely mechanical explanation ^ 
of “essential’’ hypotension-, fetal “toxic infections,’’ in such indi- 
viduals, with endocrine (adrenal) damage and consequently® lowered 
w.iscidnr tonus form the basis of anotlier pathogenetic hypothesis; 
finally, in contradistinction to the hypertensive subjects, these 
“hypoten.si\e'’' weaklings’’ are oxi)osed as easels of constitutional 
mcsenchymiitous inferiority with a weakness of the muscular'® and 
.^ujqjortive tissues, exemplified by their enteroptosis, drooping 
shoidders, poor musculature, j)rominent scapuhe, and flat feet. 
Whether or not one std>scrii)es to this last or to any other etiological 
belief, at any nite one observes, for a while, some degree of hannony 
hetween the two anthropological findings: the pyknic,®' apoplectic, 
latcrul, or hypersthenic'’ individual witli i-ssentia! hypertension on 
one hand, and the asthenic, or better, hyposthenic, with essential 
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hjTJotension, on the other. This balance of views, however, is 
soon gravely disturbed, when such an outstanding student of blood 
pressure as Ivylin^ reports cases of habitus asthenicus some of whom 
show a high, some others a low blood pressure. Kylin then proceeds 
to conclude that hypotension and hjqjertension are not at all syn- 
dromes of diametrically opposite nature but that they represent, 
instead, different phases of one and the same disorder— a conclusion 
which, despite Kylin’s authority, should be regarded with consider- 
able mental reservation.'® The question is rendered even more 
difficult by some other observations of the occurrence of essential 
hypotension® in the hjqiersthenic type and of essential hjq)ertension® 
in asthenic and other tjq)es®® of bodily habitus. An altogether specu- 
lative note of discord is sounded in some quarters in the form of an 
assertion that the constitutional factor in essential hypertension 
is to be conceived “not in terms of phj^sipal but of mental'® proper- 
ties.” 

‘T^'ith the idea'^ of a constitutionally increased neuromuscular 
tonus of the arterial system as the starting point in the study of 
essential hjqiertension,” as presented in our previous publication, 
one might be tempted to emerge from and to abandon this swift 
current of gross morphologic anthropometric views because they 
are so divergent and because, above all, they may appear to be 
clinically and even theoretically entirely irrelevant. However, 
such an attitude may be quite erroneous. In the first place, from a 
general standpoint, the constitutional habitus is never an isolated 
coincidental phenomenon, but merely one aspect of a given consti- 
tution characterized" by a certain composition of the blood-plasma, 
certain chemical processes in the tissues, certain immunological 
reactions,'® certain qualities of the endocrine apparatus and of the 
vegetative'^ system, and, clinically, stigmatized by the presence or 
absence of a predisposition to certain internal diseases.®® In the 
second place, from a cardiovascular point of view, not only devia- 
tions from the normal tonus of the circulatory apparatus, especially 
the level'® of arterial®® tension, but also many another" inadequacy®® 
of the heart' ^ and bloodvessels are characteristically related to 
certain tj^oes of constitutional habitus. In this connection, one 
can hardly escape the thought of a possible relationship between the 
predominance of the asthenic habitus among the Chinese'^ and 
the strikingly low incidence of hjq)ertension®' among the same. If 
such views are correct, then, other things being equal, the blood 
pressure level of an individual may furnish a means of evaluation 
of the somatic constitutiop of that individual.'® And, ince versa, 
barring cases of nephritis, adrenal neoplasms, etc., one may be able 
to estimate approximately the level of arterial tension under average 
circumstances from the examination of the physical constitution 
of the given person, alone. 

Faced with these problems, the objective student of essential 
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Jij-pertension will do well to remain keenly interested in their final 
solution. If a relationship between bodily habitus and blood pres- 
sure were now clearly established, both factors, the habitus as well 
as its corresponding arterial tension, would most likely have to be 
traced to a much deeper underlying common cmisc possibly appear- 
ing early in the course of ontogenetic events. The real nature of 
that intrinsic cause as well as of its resultant constitutional effects 
would have to be understood: Are we dealing with a purely mor- 
phologic problem of mc-tcnchpmafons origin with one aspect in the 
stnictural elements of the arterial wall and many another manifes- 
tation in the structures responsible for the bodilj’ habitus, i. e., the 
arehitectural constitution of the wdiole organism? Or is it perhaps 
entirely a problem of “the vegetative'- neuromuscular tonus” 
alone, in the arteriolar as well as in any other tissues inA'oIved, 
regardless of their histological origin or kinship? If the latter be 
the case, are these constitutional differences of tissue function actu- 
ally primarj', and do they solely depend upon the given autonomous-^ 
ner\-ous system, or is the arterial tonus for example, "only second- 
arily under the influence of \-agal-^ impulses” because the auton- 
omous nervous system is ultimately “under the control of the 
endocrine-"' glands?”’" (Pituitarj-’' and midbrain.’" “Pituitary 
basophilism,” Cushing.” Adrenals.’") 

Long before one can answer any of the above questions it is first 
ira])crativc to find whether or not there actually- exists any common 
constitutional denominator for the arteriolar tissues concerned with 
the maintenance of arterial tension and any other tissues of perti- 
nent significance. The writer deems it consistent with the assump- 
tion of “a constitutionally increased neuromuscular tonus*’ of the 
arterial .system” in cases of essential Inpertcnsion first to determine 
whether or not such a constitutional common denominator may be 
found in this very jihcnomcnon of iimnic-iomts, a phenomenon wliich 
Yandcll Henderson” has justly labeled "one of the most funda- 
mental properties of life.” 

Deeming it wise, therefore, to refrain at present from adding 
statistical data on the debatable prevalence of a certain habitus in 
cases of essential InTrcrtcnsion, I propo.se, instead, to investigate 
the po.ssible existence, to begin Avith, of a constitutional factor of 
tonus in general, and its relation to arterial tension in particular. 
The following is, of course, merely one approach to this question, and 
not a final analysis. 

Assuming that essential hypertension is merely one of many 
clinival manifestations of a hypertonic type of constitution, then 
the incidence of essential hypertension in hyjjotonic per.'-on.s, i. r., 
in those with a diminishctl neuroinuscidar tonus, .should be corre- 
spondingly low. In order to ascertain this, the blood pressure ha?; 
been studied in a group of eases ail of wiiich i)resentcd a hernia 
acquired some time in life without injury to the .site of the hernia. 
Such spontaneously acquirctl hernias are to be rcgardwl as jKJsitive 
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evidence of the fact that the tensile strength of the connective 
tissues involved is lowered, and that the tonus of the local muscular 
structures is also diminished. Such^^ hernias show a very marked 
hereditary predisposition/® when repaired with utmost surgical 
dexterity still strongly tend to recur, and such hernias together 
with enteroptosis, asthenic chest-configuration, and other related 
findings are viewed by Tandler, J. Bauer, K. H. Bauer, and others, 
as signs of a hypotonic constitution. K. H. Bauer, in dealing with 
this constitutional type remarks, in passing, that “hjqiertension 
and arteriosclerosis in the asthenic are practically unknown.^^s 
Conversely, hernias of all types are rare if present at all in the pyknic 
or hypersthenic subject.'^^ 

It need not appear objectionable to attempt to study compara- 
tively the blood pressure, i. e., the expression of the arteriolar 
smooth muscle tonus, and the nature of the tonus of “voluntary” 
muscular elements such as we are concerned with in cases of hernia. 
This somewhat antic^uated arbitrary division line between exclu- 
sively autonomous and exclusively “animal” innervation as applied, 
respectively, to smooth and striated muscle fibers, is now no longer^^ 
an accepted dogma.^® One need only mention the consensus of 
authoritative opinion expressed recently at an International Neuro- 
logical Congress.^ ® The second part of the program of that Congress 
was devoted entirely to the subject of muscle-tonus; a threefold 
tonic innervation of voluntary musculature was presented, namely, 
cerebrospinal, sympathetic, and parasjTnpathetic; special emphasis 
was laid on the sjmipathetic influence upon the musculature, and 
experimental proof was offered of the existence and course of sym- 
pathetic nerves in the motor muscle fiber. 

The possible finding of a low incidence of essential hypertension 
in cases of spontaneously acquired hernias might not be surprising 
to those who believe that the entire picture of a h}q)otonic constitu- 
tion is the end-result of a generalized “mesenchymatous^® consti- 
tutional inferiority” with an insufficiency of all the supportive 
tissue including the smooth and skeletal musculature, and cardio- 
vascular, especially arterial, hypoplasia. Furthermore, by way of 
contrast, such findings would be in harmony with the demonstra- 
tion by Kernohan et al., of the Mayo Clinic,®’^ of arteriolar hjqier- 
trophy in cases of arterial hypertension. One may wonder, as these 
authors do, if the morphological picture of the arterial wall might 
not be the priviary underlying factor. 

Irrespective of what may be the answer to this question, we wish 
to find at this time whether or not the arterial neuromuscular tonus 
of an individual is a factor coexistent with a similar neuromuscular 
tonus in this individual in tissues other than the arteries. 

■ This investigation comprises a group of 148 cases of spontaneously 
acquired hernias— the majority from the New Haven Hospital and 
New Haven Dispensarj^; some are private patients of the VTiter. 
After ascertaining beyond reasonable doubt the non-traumatic 
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nattire of the hernia in each instance, 21 cases were excluded from 
this study; some because of a coincidence of a disease which tends 
to lower the blood pressure, such as chronic tuberculosis, others 
because of the presence of a factor tending to raise the blood pressure, 
such as pluinbism or nephritis. The latter was responsible for the 
elimination of only 2 cases. 1 a patient of 25 without any arterial 
hypertension, another a person of 32 with a blood pressure of 150/95. 
Three cases of cryptorchism on the side of the hernia (inguinal) 
were excluded because of a possible congenital factor in the develop- 
ment of the hernia. Finally, no blood pressure readings were used 
when taken after sedative medication had been administered to the 
patient. 
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Fin. 1. — The Krnrrnl jneiileneo of hii:h blood iire.»suro nnd its incidence in c.a.<e.s of 
sj)onlanroiisly nctinire<I hernias: tnnles, nil nces. 


Since the incidence of In'iiertcnsion in this gronj) is being enm- 
])arc<l with the general incidence of hypertension as reported by 
Gagcr*^ in his large group of consecutive patients, the writer adopted 
GagerV criteria of normal blood pre.'^.sure, namely, a systolic pre.ssiirc 
of 140 before the age of 40. 150 after the age of 40, and a diastolic 
prcs.'-iire of 1)0. After the elimination of the above referred to 21 
ca.sfs, the remaining 127 patients were divided into 113 malc,s and 
14 female.-;. 1'he male.-; only were analyzed in individual age groiijis 
conforming to the atialy.'is of Gager, l^xei-pt for the smidi female 
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group and the old age group of 60 years and over, the findings in all 
other cases are presented, in graphic form in the accompanying 
three figures showing side by side the comparison of the incidence of 
high blood pressure in Gager’s group of consecutive cases and in 
this group. 

Fig. 1 compares the collective findings in males of all ages. It 
reveals a 5.3% incidence of systolic hypertension in our entire male 
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Fig. 2. — The general incidence of high blood pressure and its incidence in cases of 
spontaneously acquired hernias: systolic blood pressure, males. 


group as compared with an expected incidence of 15.2% and a 6.2% 
incidence of diastolic hj^oertension as compared with an expected 
incidence of 12.6%. 

Fig. 2 compares the findings of systolic hj-pertension in 5 indi- 
vidual groups of males analyzed according to age. The incidence of 
systolic hjTjertension in this series of cases in all given age groups 
except one is nil as compared with the corresponding figures of the 
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ex 7 )ectcd incidence of systolic''’ hj-pertension. The age group 40 to 
40 alone shows the occurrence of some systolic hypertension, namely, 
3.3% as compared with an expected incidence of 11%. 

Fig. 3 shows the comparative data of the incidence of diastolic 
hj 7 )ertcnsion according to age. In 3 out of the 5 age groups the 
incidence of diastolic hj-pertension in our cases is nil as compared 
with the corresponding figures of the expected incidence in the same 
-age groups. The age group 30 to 39 shows a 5% incidence of dias- 
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tolic hypertension in our eases as eonifiared with an expected inci- 
dence of lO'^r. The age grouji 40 to 49 shows a ().(t% inciflenec of 
diastolic hypertension in our cases as comiiared with an cx^iectetl 
incidence of 13.1 %. 

'J'lic coinpamtive findings in the male patients of 00 and upward 
fr>r which no tabular illustration is jmivided are as follows; Tn 
the age group 00 to 00 the incidence of .systolic hypertcii'^ion is 27.7 % 
ns ct)mi>are<l with an exiieeled incidents of 48.7%. 
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For the diastolic hypertension, an incidence of 16.6% in our 
male cases of 60 to 69 years stands out against an expected incidence 
of 33.7%. 

In the last group of our male patients, of 70 years and over, there 
is an incidence of 16.6% systolic hypertension as compared with an 
expected incidence of 33.3%. This age group, however, is excep- 
tional with regard to its incidence of diastolic hypertension. It is 
the only instance of a higher incidence in our cases than the expected 
incidence, the former being 16.6% and the latter 11.1%. 

In our 14 female patients ranging from the age of 28 to 71 there 
was no instance of systolic hypertension and but 1 instance of dias- 
tolic hypertension. The latter occurred in a woman aged 71 years. 

It is perhaps of some pertinent interest to note that the hernias 
of 35 of the patients investigated in this study were strikingly 
multiple, and that 4 patients had repeated recurrences some time 
after competent hernioplasty had been performed. These facts 
should not be unexpected in these individuals if their supportive 
tissues are constitutionally inadequate, and if they should prove 
to be stigmatized by a low neuromuscular tonus. 

Be that as it may, the above referred to findings can be reason- 
ably summarized in the statement that in this group of cases of 
spontaneously acquired hernias, the incidence of hypertension was 
disappearingly small as compared with the expected incidence of 
hypertension. 

Conclusions. The number of cases studied in this investigation 
is limited. So is the object of this paper limited. It aims at an 
approach to the problem of primary hypertension from a constitu- 
tional point of view. It does not pretend to establish any new 
truths but to point the way in the direction of their possible exist- 
ence. The writer hopes to arouse sufiicient interest in this method 
of approach to the problem of hypertensive disease to induce others 
to undertake similar investigations. These should not, of course, 
be restricted to the finding of a strikingly low incidence of hyper- 
tension in subjects of a generalized low tissue tonus such as mani- 
fested by spontaneously acquired hernias. The possibility of a 
common constitutional background behind the tonus of the arterio- 
lar musculature and the tonus of other supportive tissues in the 
same organism should be investigated in more than one way. The 
ultimate goal 'of such investigations is not merely to find the heredi- 
tary nature of essential hypertension or its possible prevalence in 
any one type of bodily habitus or in any tjqje of constitutionally 
stigmatized individuals. The chief purpose of such investigations 
is much rather to find whether or not essential hypertension together 
with any other established coexistent pertinent findings are all 
explicable on the basis of a certain genetically predetermined tj'pe 
of constitution. The specific question is: Does the strength of the 
original mesodermal foundation of an individual manifest itself 
in due time, and of inevitable necessity, in a certain strength of 
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tonus of the mesenclninatous derivatives iueluding the smootli 
arterioJar musculature? If this be so, the generally blamed but, 
so far, unclarified immediately rc5j)onsible blemish of inereaseci 
peripheral resistance in the arteriolar bed of essentially hj-pertensive 
patients shall eventually be understood and its significance irre- 
^■ocably linked Avith the scaled somatic fate of its bearer. 
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Infections of the Urinaby Tract. By T. E. Hammond, F.R.C.S., 
Surgeon, The Royal Infirmary, Cardiff; Consulting Urologist, The 
Welsh National Memorial Association. Pp. 250; 3 illustrations and 
3 charts. London: H. K. Lews & Co., Ltd., 1935. Price, 10/6. - 
This book is valuable not only to persons interested in urology but also 
should be of interest to the general practitioner. It takes up in a systematic 
way not only the infections of the urinary tract but also discusses inflam- 
mations in general. The infections of the urinary tract are discussed in an 
orderly fashion and include those due to colon bacillus. Staphylococcus 
albus and aureus and to the gonococcus. There is some mention of tuber- 
culosis of the urinary tract but the author does not take this up to any 
great extent. The urinary antiseptics used are about the same as those 
known to us and there is some mention of ketogenic diets. The author’s 
conception of urinary tract infections in general seems to coincide very 
well with our own ideas of these conditions. The book is appended with 
interesting discussions of ( 1 ) the bearing of the constitution upon bacterial 
disease, (2) some points in the nursing of bacterial disease, and (3) the 
practice of medicine— all of which are interesting and helpful, 

F. E. 


Roentgenographic Technique. By Daemon Artelle Rhinehart, 
A.M,, M.D,, F.A.C.R., Professor of Roentgenology and Applied Anat- 
omy, School of Medicine, University of Arkansas; Roentgenologist to 
St. Vincent’s Infirmary, Baptist State Hospital, Missouri Pacific Hos- 
pital and the Arkansas Children’s Hospital, Little Rock, Arkansas. 
Pp. 431; 183 illustrations. Second Edition, thoroughly revised. Phila- 
delphia: Lea & Febiger, 1936. Price, $5.50. 

Time has already established the usefulness of this textbook. While the 
general plan of the book is similar to the first edition, its value is enhanced 
by the edition of many recent advances in radiology. The first 12 of its 21 
chapters contain discussions of Roentgen ray machines, the nature and 
properties of Roentgen rays, dark room technique, exposure combinations 
and various other physical factors concerned with applied radiologic 
physics. The rest of the book describes most of the roentgen examinations 
used by radiologists today. The verbal descriptions are excellently illus- 
trated by photographs of patients in position for examination with roent- 
genograms obtained of each technique. E. P. 


The Harvey Lectures, Series XXiX. By Doctors William Bosworth 
Castle, William Cumming Rose, Wilbur A. Sa-\vyer, Alfred N. 
Richards, E. C. Dodds, G. V. Anrbp, Francis G. Blake, and John 
H. Northrop. Delivered under the Auspices of the Har\’^ey Society of 
New York, 1934-1935. Under the Patronage of the New York Academy 
of Medicine. Pp. 270; illustrated. Baltimore: The Williams & Wilkins 
Company, 1936, Price, $4.00. 

The latest volume of this well known series presents 8 lectures, all 63 '^ well 
knovm authorities in their special fields. The vide range that is covered is 
readily shown by the list of lectures and their subjects: “The Etiolog}' of 
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Pernicious and Eclated aMacrGCj-tic Anemias,” by 'William B. Castle, of 
Harvard; “Tlic Significance of the Amino Acids in isutrition,” by '\Villiam 
C. Rose, University of Illinois; “The Present Geographic Distribution of 
Yellow Fever and its Significance,” by Wilbur A. Sawj’er, The Rockefeller 
Foundation; “Processes of Urine Formation in the iVmphibian Kidney.” 
by A. X. Richards, University of Pennsylvania; “Specificity in Relation to 
rionnone and Other Biological Reactions,” bj' E. C. Dodds,' The Middlesex • 
Hospital, London; “'The Relation of the Circulation in Yoluntarj' and Plain 
Muscle to Actinty,” bj’ G. Y. Anre]), Egj’-ptian Universit 3 ’’; “Pneumothorax 
in the Treatment of Pneumonia,” by lYancis G. Blake, Yale University; 
“The Isolation and Properties of Crj’stalline Pepsin and Trj'psin,” ly 
John H. Northrop, The Rockefeller Institute. Adverse criticism does not 
occur to the Re^'iewcr and jiraise seems superfluous. E. K. 


AnonTiON. Spontaneous and Induced. Medical and Social Aspects. (Tins 
volume is one of a series dealing with medical aspects of human fertilitj' 
sponsored ly The National Committee on Maternal Health, Inc.) Bj' 
Frederick J. Taussig, M.D., F.A.C.S., Professor of Clinical Obstetrics 
and Clinical Gjmecologj’, Washington Universitj' School of ^ledicine, 
St. Louis. Pp. 53G; 140 illustrations, and 27 tables. St. Ixiuis: The 
C. Y. Mo.sby Company, 193G. Price, .S7.50. 

The extreme importance of abortion as a medical and social problem 
of the present time justifies the appearance of this verj' comprehensive 
monograjih upon the subject. The conservative figures offered for the 
United States refer to GS1,G00 abortions annuallj', noth a death toll of S179. 
Tho.«e data are believed to be minimal. The socio-medical aspects may be 
briefly summarized in the known fact that one of everj' four puerperal 
deaths follow.s an abortion. 

A wide review of the world’s literature for j’ears back is utilized to fonn 
a historical and factual background upon which the author has developed 
his picture of the present day situation, nith its clinical, pathologic, legal 
and social aspects. 

Of interest from a standpoint of comparative obstetrics is the chapter 
ly Dr. W. L. WilHams of Cornell UniversiU’ on abortion in animals. Sug- 
gestive, sit least, is the discussion of trichomonas as a possible cause of 
abortion in animals. 

The chajitcr on prevention details the various measures which maj’ be 
H.^-cd either before or during pregnancy or to prevent uterine contractions. 
Taussig is .‘-kciitical as to the value of hormone thcrapj’ in prevention. 
Yciy iiniiortant is the chapter on treatment, disiiliying a franklj’ conserva- 
tive attitude toward febrile abortions. 


The indications for theraiieutic abortion, a chapter twice as long as any 
other in the book, carries one widelj' afield as the author rcvicw.s the reasons 
found in the literature for the interruption of pregnancy. In the diseus-^ion 
lie follow.s Winter’s outline. The relation of sterilization to this procedure 
is discussed. Tlie attitude of Russia toward leg.alizcd abortion is discussed 
in a separate chapter, although the reaction of other Euroixain countries 
is interestingly mentioned here. Although misquotation of portions of this 
chapter occurred in a recent lay journal review of this book, one feels in 
reading the closing .‘-ections of this chajiter that the author is (luitc broad- 
minded toward a widening of the .'ocio-ecxinomic indications for therajieutic 


abortion. 

The legal and inodiwMcgal aspee-ts of abortion arc fully considered. Tne 
laws of the states and countric.' are annotated and the inedico-Iegal nspei't.- 
of alKirtion jirovide words of wisdom and caution for the iiract itioner. 

'I'hls most able presentation of one of our most seriou.s and common 
jirobiems desen-es to K; widely rc-ad. and the bool: belongs on the work 
shelf of evcr%- obstetrician. • 
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NEW BOOKS. 

Disinfection and Sterilization. By Ernest C. McCulloch, M.A., D.V.M., 
Ph.D., Biological Research, Pennsylvania Salt Manufacturing Company, 
etc. Pp. 525; 53 illustrations, 232 tables. Philadelphia: Lea&Febiger, 
1936. Price, S5.50. 

The Patient and the Weather. Vol. 1, Part 2, Autonomic Integration. By 
William F. Petersen, M.D., vith the assistance of’ Margaret E. 
Milliken, S.M. Pp. 781, lithographed; 366 illustrations. Ann Arbor: 
Edwards B others, Inc., 1936. Price, S9.00. 

Frigidity in Women. Its Characteristics and Treatment. By Dr. Edward 
Hitschmann and Dr. Edmund Bergler, Director and Assistant Direc- 
tor, respectively, of the Psychoanalytic Clinic in Vienna. Authorized 
translation by Polly Leeds Weil, of New York. Pp. 76. Washington: 
Nervous and Mental Disease Publishing Company, 1936. Price, $2.00. 

Marconiterapia. Trattato sidle Onde Corte. Nella Biologia e nelle Appli- 
cnzioni Terapeutiche. By Prof. Pietro Cignolini, Capo del Reparto 
Radiologico ed Aiuto volontario deU’lstituto di Clinica Medica Generale 
deUa R. Universita di Genova. In collaboration with Prof. F. Baratta, 
Ing. a. Ascione and Dott. C. Bianchi. Preface by Prop. Giuseppe 
Sabatini, Direttore della Clinica Medica Generale della R. Universita 
di Genova. Pp. 362; 152 illustrations and 12 tables. Milan: Ulrico 
Hoepli, 1936. Price, Lire, 50. 

Security Against Sickness. A Study of Health Insurance. By 1. S. Falk. 

' Pp. 423. Garden City, N. Y.: Doubleday, Doran & Co., Inc., 1936. 
Price, $4.00. 

Die Tuberkulose. No. 5 of Volume 16 (May, 1936). Sonderheft zur 
Deutschen Tuberkulosetagung in Warnemunde. By Various Contribu- 
tors. Pp. 30. Miinchen: Otto Gmelin, 1936. Price, M. 2.40. 

Principles and Practice of Recreational Therapy for the Mentally III. By 
John Eisele Davis, B.A., M.A., Senior Physical Director, Veterans 
Administration Facility, Periy Point, Md.; Fellow of The American 
Physical Education Association, in collaboration with Dr. William 
Rush Dunton, Jr., Instructor in Psychiatry, The Johns Hopkins Uni- 
versity. Pp. 206. New York: A. S. Barnes & Co., 1936. Price, $3.00. 

Die “ Atypische” Pneumonie. Eine klinisch-rontgenologische und differ- 
ential-diagnostische Studie, zugleich ein Beitrag zur Frage der “Grippe” 
und des Friihinfiltrats. (Special Vol. 6 der Sammlung Immunitat, 
Allergic und Infektionskrankheiten.) By Dr. med. Frank Kellner, 
Facharzt fiir Lungenkranklieiten, leitender Arzt der Tuberkulose-fursor- 
gestelle Kassel. Pp. 52; 10 illustrations. Miinchen: Otto Gmelin, 
1936. Price, Paper, M. 2.70; Bound, M. 3.60. 

Methods of Tissue Culture in Vitro. By Ralph Buchsbaum, Ph.D., 
Department of Zoology, University of Chicago, and Outlines of Histo- 
logical Methods, with Special Reference to Tissue Culture, by Clayton 
G. Loosli, Ph.D., Department of Anatomy, University of Chicago. 
Pp. 81, lithographed; 19 illustrations. Chicago: The University of 
Chicago Press, 1936. Price, $1.00. 

Aktive Entspannungsbehandlung. Ein Neues Therapeutisches Prinzip mit 
Beriicksichtgung der Sprache und Atmung. Bj’^ Dr. Med. Joh. Faust, 
Hannover. Pp. 112; 20 illustrations and 2 plates. Leipzig: Hippo- 
Icrates-Verlag G.M.B.H., 1936. Price, Paper, Rm. 5; Bound, Rm. 6.20. 

Operative and Interpretative Radiodontia. A Textbook for Students and 
Practitioners of Dentistry. Bj’- Walter S. Thompson, D.D.S., Asso- 
ciate Professor of Radiodontia, College of Dentistrj'-, University of 
Southern California; Lieutenant, U. S. N. R., Special Ser^^ce Instructor 
in Radiodontia, etc. Pp. 374; 355 illustrations. Philadelphia: Lea & 
Febiger, 1936. Price, $7.00. 
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Mcfliz!uif:ch-chcimi^clic lioilimmungftmdhoikn, Vol. 2. Einc Auswalil von 
Methoden fiir das klinisclie Untersuchungslaboratorium. By Dr. ICarl 
Hinsbkrg, a. 0. Prore.=sor Vorstcher der Chemischen Abteilung des 
Pathologi-schen Instituts dcr Universitat Berlin. Pp. 1S6; 48 illustra- 
tions, manj' tables. Berlin: Julius Springer, 1936. Price, Rm. S.70. 
Amino Acid and Ammonia Metabolism in Liver Diseases. By Essex Kirk. 

Pp. 147. Copenhagen: Levin & IMunksgaard, 1936. Price, Dan. Kr. 10. 
On the Disturbance of the Circulation in Spinal Aimsthcsia. An Experi- 
mental Study. Suppl. 43 of Vol. 78 of Acta Chirurgica ScandinaAdca. 
By Osc.\R 0. ScnuiiERTii. Pp. 77 ; 2 illustrations and 30 tables. Stock- 
holm: P. A. Korstedt & Soner, 1936. (No price given.) 

Synopsis of Diseases of the Heart and Arteries. By George R. Herr- 
.M.AN'N, M.D., Pii.D., Professor of Clinical Medicine, Univensitj’ of 
Texas, etc. Pp. 344; 88 illustrations and 3 color plates. St. Louis: 
The C. V. hlosby Company, 1936. Price, 84.00. 

Psycliialry for Practitioners. Vol. 7 of the Oxford Medicine. By Various 
Authors, Edited by Henry A. Ciitustian, A.M., M.D., LL.*D., Sc.D. 
(Hon.), Hersey Professor of tlie Theorj’ and Practice of Physics, Hansard 
University; Physician-in-Chief to the Peter Bent Brigham Hospital, 
Boston. I’p. 634, with 12 of Supplementary’ Index. New York: Oxford 
University Prc.ss, 1936. Price, 810.00. 

Pathological Physiology and Clinical Dcsafplion of the Aimnias. yB 
IViu.iAM Bosworth Casti.e, M.D., S.M. (Hon.), Associate Profe.ssor 
of Medicine, Harvard University; Associate Director, Thorndike hlemor- 

■ ial Laboratory' and Junior Visiting Physician, Boston City Hospital, 
and George Richard Minot, M.D., S.D. (Hon.), F.R.C.P., Edin. 
(Hon.), Nobel Laureate in ^ledicine, 1934; Professor of Medicine, 
Harvard University; Director, Thorndike ^lemorial Laboratory' and 
Visiting Physician, Boston City Hospital. Edited by Henry A. 
Christian, A.M., M.D., LL.D., Sc.D. (Hon.), Hersey Professor of the 
Tlieory' and Practice of Pliy.«ic, Harvard University; Physician-in-Chief, 
Peter Bent Brigham Hospital, Boston. Pp. 205. New York: Oxford 
University Press, 19.%. Price, .$3.00. 

.lohannrs dc Mirfcld of St. Bartholomew’s, Smithficld. His Life and Works. 
By Sir Percival Houton-Smith Hartley, C.V.O., M.A., M.D., 
I'Ml.C.P., Consulting Pliysici.an to St. Bartliolomcw’s Hospital, and to 
the Bromjiton Hospital, etc., and Harold Richard Aldridge, jM.A., 

■ formerly Scholar of Peterhouse, Cambridge, etc. Pp. 191. Cambridge: 
At the University' Prc.ss. New York; The Macmillan Company, 1936. 
Price, 84. .50. 

Treatment in General Practice.. The Management of Some Major Medical 
Disorders. 1. .Articles Republished from the British Medical Journal. 
Pp. 250. New York; Paul B. Iloeber, Inc., 1936. Price, 83.50. 
L'EsthiMync Mammairc a Trarers I’llistoirc. By Dn. Claoue and I. 
Bernard. Pp. 24; 8 illustrations. Paris: Librairie Maloinc, S. A., 
1936. (No jirire given.) 

NEW EDITIONS. 

Esnphthnhnle Goiter ami Its Mediral Treatment. By Israel Bram, Medical 
Director, Bnim Institute for the Treatment of Goiter and Other Dis- 
ensc.s of the Ductle.^s Glands, Ujiland. Pa., etc. Foreword by R. G. 
Hoskins, Ph.D.. M.D., Director of Research, Memorial Foundation 
for Neun'i-Endocrine Research, Harvard Mediral ScIkkiI, Boston. Sctvjiid 
editirm. completely revi-ed and enlargetl. Pp. 4.56; 79 illustrations. 
St. l.'Uiis; The C. V. Mo-by Comj):\ny. 1936. Price, $6.00. 
.ImriVens-n/rr als Ueilmiitel. Kurzer Ixsitfaden fur ihre .Anweiuiung. By 
Ssn.-IIat Dr. med. xVlurecht IlErTEit, Giriz. Second edition. Pp. 14. 
Mtinchen: Otto Gmelin, 19.36. Price, M. 0.6S. 
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RECENT WORK ON THE TISSUE CHANGES IN VITAMIN “A” 

DEFICIENCY. 

Many reports have been published on the tissue changes wliich are 
found in animals that have been fed diets deficient in vitamin A. Only 
a comparatively small number of the more recent and more important 
papers will be discussed in this review. 

Sinee 1922, when McCollum and his associates^ separated the two 
vitamins in cod liver oil, vitamin A has been known to be essential for 
growth in young animals, and many investigators have even assigned 
to it a special growth promoting effect. For example, Sampson, Den- 
nison and I'Corenchevsky,^ in a series of painstaking experiments, showed 
that young rats deprived of vitamin A excreted somewhat more N, 
and grew mueh less per gram of food eaten than did litter mates fed the 
same amount of the corresponding- adequate diet. The experiments 
were terminated when the avitaminotic rats showed the sudden drop 
in food consumption which usually precedes the last week of life. In 
other words, they showed that the metabolic rate was increased to 
some extent in vitamin A deficiency. Braman and his collaborators^ 
obtained the same general results in similar experiments, although in 
this case all the rats were first depleted of vitamin A before they were 
fed the complete or the nearly vitamin A free diet. The differences in 
weight gain were less marked under these conditions than in Sampson’s 
experiments. Recently Chevallier and Baert,^ studying the metabolic 
rates in normal and vitamin A deficient rats, found that in the latter 
it was increased about 13%. Horvever, this inerease would not be 
sufficient to explain more than a small part of the decreased body weight. 

Orr and Richards^ have recently challenged the statement that vita- 
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min A is preeminently growth-promoting. They admit, of course, that 
a.s an essential food factor it lias an effect on growth. These workers 
demonstrated definite growth in length of the leg bones during the 
]5eriod when the rat was losing weight on an A free diet, and suggest 
that the loss in weight is due to pathological changes, especially in the 
gastro-intestinal system. Even after 3 or 4 weeks on the diet, such 
lesions were seen in 75% of the animals and they suggest that micro- 
seoyiie lesions might he present a week or so earlier, at the time when 
the weight curves of the deficient animals begin to fall below those of 
the controls. That earlier lesions are likely is supported by Mouvi- 
(piand’s experiments,® where, by means of a special light and a corneal 
microscope, he demonstrated ulceration of the cornea in animals that 
had been fed the A deficient diet for only IS days— fully 3 weeks before 
the development of gross xerophthalmia. At the present time the 
cjucstion of a speeific growth promoting eft’eet of vitamin A is not 
settled. 

The effect of the lack of this factor on the endocrine organs has also 
not yet been solved. In their classical experiments, Wolbacli and Howc^ 
(1925) stated that the pancreas, thymus, tluToid, pituitary and testes 
sliowcd atrophy as compared with the glands of adequately fed controls. 
The jiarathyroids and adrenals showed no decided decrease in size. 
.•Ml the rats were fed only 5 gm. a day, which is less than they would 
ordinarily consume. Korcnchevsky* was unable to confirm these find- 
ings when he compared the organ weights per 200 gm. of body weight 
in A deficient rats, and in controls fed the same amounts of a complete 
diet. The testes in the deficient animals were heavier, but histologically 
they showed edema and degeneration. The prostates and seminal 
vesicles wore also heavier in the \ deficient animals. No change in 
jiercentagc weight was noted in the adrenals, thyroid, hjq>ophysis and 
thymus. De Iluyter'’ has recently stated that the thyroid .shows atroydiy 
in severe vitamin .-V deficiency, and that there is also involution of the 
thymus. Vitamin A therapy corrected these changes. The changes in 
t he thymus may be connected with the decreased rate of growth. Coplan 
and Samj)son'" have recently stmlicd the effect of a deficiency of vita- 
min .\ on the thyroid gland of rats. In the males they found the tliy- 
rnid.s consistently smaller in the avitaminotic rats than in the controls. 
The converse held true for the females, although these all died within 
37 days. On section, they found early a hyperplasia of the epithelial cells, 
which liecame liigli ami dome .shaped and looked similar to those seen 
in rats fed iodin deficient diets. Later the epithelium degenerated 
and this seemed to be specifically caused by a lack of vitamin A. They 
suggest that the A deficiency at first alters the metabolism of the thyroid 
epitheli.'il cells, that iodin is not normally alisorbed or utilized and 
this causes a relative deficiency of iodin with the consecpient thyroitf 
hvperplasia. I/ickwood and Hartman'* found the adrenals atrophied 
ill vitamin .\ ileficient rats as compared with normal controls when 
c.'ilenlated as jier cent of body weight, lllurnenfeld'^ also found atrojihy 
of th(' adrenals, chiefly of the cortex, unless marked inf(>ctions were 
jiresent when hyj)ertrophy supervened. Vogt’^ found that tlie jiituitary 
of healthy men up to 50 years contained a constant rpiantity of vita- 
min A. After ('.() years tlie vitamin content wa-i less, and tfie slow 
growth of tumors in such individuals may be due to tiiis cause. 1 fie 
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relation of vitamin A to the growth hormone was not solved. Nothing 
as yet suggests that overfunction of the thyroid explains the increased 
basal metabolism. Mason and Wolfe^^ were unable to demonstrate 
any definite abnormality in the endocrine activity of the ovary or 
pituitary in vitamin A deficiency. 

Metaplasia of Epithelial Tissue. Wolbach and Howe/ in their excel- 
lent experiments which were reported in 1925, demonstrated that strik- 
ing structural changes occurred in the epithelia of the nose and upper 
respiratory tract, the ducts and acini of the salivary glands and pancreas, 
the ureters, pelvis of the kidney, the bladder, many of the genital 
organs, the cornea and the paraocular glands of rats fed diets lacking 
vitamins A and D. The epithelium of the seminiferous tubules and 
the kidney tubules did not shoAv this metaplasia. According to Mendel,^® 
metaplasia of the trachea and bronchi is not common and usually only 
atrophy of the lining cells is found. In general, it has been regularly 
found that various types of epithelium, of entodermal, mesodermal or 
ectodermal origin showed the same morphologic changes. Atrophy of 
the cytoplasm of the original epithelial cells, whieh may be so slight 
as to necessitate comparison with normal cells to show it up, always 
preceded the later changes and possibly stimulated them. Then small 
nests of deeper staining epithelial cells appeared at intervals in the 
basal layer. These grew in all directions either as elumps or sheets 
and spread out underneath the original epithelium whieh retained its 
viability until it was entirely undermined. The old epithelium was 
sloughed off and the new squamous epithelial cells multiplied rapidly 
and in the upper layers showed keratinization. Some later workers 
found that the metaplasia varied from isolated nests to complete trans- 
formation. It has also been suggested that the decreased secretion of 
the associated glands promotes desquamative changes. Ducts of 
glands, small bi’onchi, or ureters may be blocked by the keratinized 
cells that are being formed and sloughed off with the resultant forma- 
tion of cysts or abscesses. Wolbach and Howe’^ found considerably 
fewer epithelial infections in their rats than did Goldblatt and Benis- 
cheld® or Green and Mellanby.^^ The infections are usually caused 
by bacteria which normally are present at the sites involved, and their 
development is favored by the poor drainage, the dead tissue and the 
lack of ciliary action and mucus secretion which are the sequels of the 
metaplasia. Goldblatt and Benischek confirmed Wolbach’s work and 
showed that similar changes were caused by a diet deficient only in 
vitamin A. Seifried^® studied the tissue changes in the chicken in great 
detail and found them to be essentially the same as those in the rat. 

It is thought that the blood supply of the skin epithelium is poor,^® 
which would probably mean a low concentration there of vitamin A, 
and the absence of this vitamin has been found to stimulate cell multi- 
plication {i. e., in new growths).^® This may explain the constant nor- 
mal growth of the epidermis. ^Wien vitamin A is deficient in the diet, 
all the epithelial tissues would be low in this factor, and this lack, 
following the stimulation of the original atrophy of the normal epi- 
thelium, may give rise to the multiplication and later keratinization 
of the squamous cells. This typical transformation of epithelial cells 
in many localities of the body, commonly knovm as metaplasia, has 
been found to occur in many different species of animals when vitamin A 
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free diets are fed. For exaraple, liunian ijeings,-* monlceys," niice,-^ 
rats," pdnca pigs,-^ chickens,*® rabbits,”*' all respond in this ■way. 
Swine*^ and cows"** also show similar gross pathologic changes. In a 
great many cases only a few of the many possible sites show meta- 
plasia, and in a group of animals of the same species, age, sex and litter 
considerable variation is commonly seen in the order and number of 
the organs involved and in the extent of the metaplasia. 

In a good many experiments only the gross lesions, such as absccsse.s, 
have been recorded. 'Whether or not an abscess occurred would prob- 
ably depend to some extent on the type of bacteria which happened 
to 1)C present at the site of the metaplasia. Chance variations in the 
number and variety of the bacteria may explain some of the variations 
found. Also it is possible that the vitamin A storage due to previous 
feeding varies and that animals vary in their ability to absorb and utilize 
this vitamin. Considerable variations arc also found wlien we compare 
the results of vitamin A free diets in various species of animals. For 
example, the mouse does not show metaplastic changes in the salivary 
gland at the base of the tongue, whereas cysts or abscesses at this site 
arc very common in the rat; the pig does not develop xerophthalmia, 
whereas the rat frequently does so. 

Lesions in the Nervous System. As early as 1914 Hart and McCol- 
lum-^" noted that pigs kept on diets of wheat and salt mixtures devel- 
oped striking incoordination which could be cured if butter was fed. 
These same workers 2 years later-'*’ fed pigs a diet largely whole wheat 
and containing little vitamin A, and found that after about 9 months 
the animals developed incoordination of the muscles and even blindness. 
Sections of the spinal cord showed .shrunken motor nerve cells, appar- 
ently compre.ssed by fluid about them. The proce.sses were partly 
degenerated, the nuclei shrunken and the Nissl granules crowded 
together. The addition of either meat scraps or alfalfa, f. mainly 
protein, or vitamin A, with some mineral salts as well, prevented the 
onset of the disease, which wjis thought to be due to the toxicity of the 
whole wheat. The same symptoms also occurred in dogs.-® 

In 192() Mellanby-® noted that dogs fed a diet deficient in the fat 
soluble vitamins and rich in cereals developed symptoms attributable 
to nerve lesions. Degenerated nerve tracts in the spinal cord were 
demonstrated in these animals. Since 1929 several investigations oti 
this question have been carried out. 

Hughes and his collaborators^ found that pigs fed vitamin .4 deficient 
diets flid not develop xerophthalmia, although some had watering of 
the eyiy and slight swelling of the eyelids. They regularly after (5 mouths 
or more showed incoordination, .spasms and i)Iindnes3, aj)parently of 
nervous origin. Hearing and smell seemed also to be impaired. Hy the 
Marchi method they found definite annular degeneration of nerve 
fibers in the o])tic thalamus, optic, femoral and sciatic nerves, and in 
a^rtain i)arts of the spinal coni. These nervous symptoms could be 
pre\ ented or cured by a<lding various sources of vitamin A to the diet. 

F. Meilanby has investigated tliis problem extensively, .and has pub- 
lisher! a serie.s of pai)ers.” His diets contain large amounts of cereals 
and no vitamin A. The nervous manifestations were not invariaidy 
produced unless some apparently toxic substama' such as wheat genu 
or ergot was aihled as well. The addition of vitamin A wouhl iirevent 
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the symptoms and also cure them promptly if they were of short 
duration. Lesions of long standing Avere, hoAvever, beyond repair. 
Young dogs, rabbits and rats were used. The symptoms included inco- 
ordination, paralysis, abnormal head movements and probably deafness. 

Degenerative changes were found in the myelin sheaths of the nerve 
fibers in the spinal cord, and there was more degeneration in the cervical 
than in the lumbar region. The anterior columns (which contain 
sensory tracts in the dog), the anterolateral, the lateral posterior col- 
umn (Burdach’s) and the direct cerebellar tracts were commonly 
involved. In other words, the sensory columns seemed to be particu- 
larly picked out. The degeneration was seen in fibers scattered about 
in the tracts and not in gi-oups of fibers lying together. The crossed 
pjTamidal tracts were usually, but not always, free from degeneration 
and a few descending tracts Avhich were associated with the midbrain 
or medulla suffered. The changes were not accompanied by cell inva- 
sion or other evidence of inflammatory reaction. If the nervous symp- 
toms were allowed to continue for some time the fibers ultimately 
disappeared. 

The peripheral nerves also showed degeneration. Although not 
entirely confined to afferent peripheral nerves, these showed the more 
intense degenerative changes (demyelination) and this applied both to 
the afferent spinal nerves and to other sensory nerves (optic, vestibular 
and cochlear of VIII, and sensory division of trigeminal). 

In a rabbit showing early xerophthalmia, a few degenerated fibers 
were found in the first division of the trigeminal which supplies sensory 
fibers to the surface of the cornea. In more severe xerophthalmia, 
more advanced nerve lesions were found. If xerophthalmia was present 
in one eye but not in the other, sometimes some degeneration was 
found in the nerve supplying the normal eornea and sometimes it was 
not. Mellanby suggests that possibly the nerve and epithelial changes 
arise synchronously and that the generalized epithelial metaplasia is 
the result of the involvement of the afferent nerves throughout the body. 
In the early stages the myelin droplets did not invade the axis cylinders, 
but appeared as rings when stained Avith osmic acid. The whole nerve 
fibers were swollen. In more advanced cases many fibers Avere found 
in Avhich degenerated myelin occupied the positions of the original axis 
cylinders. The degenerative changes affected only the first two neurones 
of the afferent nerves. 

The motor cranial nerA^es escaped, although occasionally some degen- 
eration Avas found in the third. If the nutritional disturbance had been 
very prolonged, some of the anterior nerA^e roots shoAved degeneration. 
As yet no degeneration has been found in the vagus nerA’^e, CA'en in its 
afferent fibers. 

DegeneratiA’^e changes were also seen in the nerve cells, including 
those of the dorsal roots, the Gasserian ganglion, Clarke’s column, the 
Pm’ldnje cells and the A’^estibular nucleus. It is seen here also that it 
is the afferent side that suffers most, although in the midl)rain, the red 
and the oculomotor nucleus, and the dentate nucleus in the cerebellum 
sometimes suffer some changes. ' 

M. Mellanby®^ demonstrated marked thickening and irregular doAvn- 
groAvths of the epithelium about the gingival margins, AAudening of the 
sulci and frequent pyorrheal infections in dogs fed Autamin A free 



414 


PROGRESS OF MEDICAL SCIENCE 


diets. Recently^ ]M. Mellanby and King-’- liave demonstrated degen- 
erative changes in the fibers of the sensory nerves wliich supply these 
sites, and also in nerve cells in the Gasserian ganglion. 

It is quite possiide that the primary lesions arc in the nerve cells 
and that the fiber changes are secondary. The changes in the nerve 
cells are unfortunately very variable. The Nissl granules may appear 
powdery, may be clumped around the nucleus or tlie peripher.^’ or may 
be absent. The nucleus may be swollen, shrunken, eccentrically placed 
or absent. Even in the animals fed the adequate diet a few of the 
nerve cells are abnormal, but Mellanby assures us that the changes in 
the animals fed the diet deficient in vitamin A arc much more marked 
and widespread. As yet there is no suggestion why the sensory nerve 
cells are injured and the motor nerve cells largely spared. Also, are we 
to suppose that the primary atrophy of the original epithelium which 
Wolbach and Howe emphasize, and also the initiation of the squamous 
differentiation of the basal cells are due to changes in the trophic nerves? 
It is possible that the squamous cells of the normal skin arc poorly 
supplied with nerve fibers, and this type of differentiation may follow 
when there is a lack of nerve impulses to restrain the multiplication of 
the epithelial cells, such as might occur in areas innervated by such 
partially degenerated nerves. 

Zimmerman^^ and Aberle^^ observed similar clinical signs in rats fed 
a vitamin A free diet containing cornstarch, but no cereals. They 
found myelin degeneration in the sensory tracts on the periphery of 
the cord in all their animals, but the posterior columns were involved 
in only about one-half of them. The medullary sheaths of the brachial 
plexuses and sciatic ncr^'cs always showed degeneration, but in addition 
4 of S animals examined showed degeneration of the vagus. As a result 
of their staining methods, they concluded that the changes in the 
peripheral nerves were of longer duration than those in the cord. They 
occasionally found changes in the motor tracts and the anterior roots. 
They suggested that lesions in the cord followed those in the peripheral 
nerves on the sensory side and produced those in the peripheral nerves 
on the motor side. Animals which were fed the deficient diet for 


5 weeks, but which showed no nervous signs, had normal nerves, but 
one rat which .showed no clinical symptoms after 5S days on the diet 
had extensive peripheral myelin degeneration. The authors suggest 
that possibly it would have developed symptoms soon. Animals 
which were killed 4 days after they had been cured of their nerve symp- 
toms by 20 days’ treatment with cod liver oil, still showed moderate 
degeneration of the peripheral nerves and pyramidal tract. Possibly 
if a longer interval had elapsed between the cure and the examination 
more improvement would have been seen in the nerves. These authors 
also demonstrated that partial starvation but with aflequate rations 
of vitamins did not cause lesions of this nature. 

Sutton, Settcrfield and Kraus" introrluccd two new methods into tlie 
studv Their rats were fed the A deficient <liet until they stopped 
increasing in weight (00% showed incipient ophthalmia) and were then 
•riven about 80 me. of butter daily. If no vitamin A (butter) wjis given 
thev liecame so wak and emaciated that the nerve changes could not 
1.0 properl v observed. After about 2 weeks on this low A diet they 
.showed incoordination of their back legs, and gradually they became 
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unable to use tbem. These authors found the March! process unsatis- 
factory and used instead a method in which the nerves were cut in 
frozen sections and examined with a polarizing microscope. Normal 
myelin consists mostly of cerebrosids, phosphatids and sulphatids 
which rotate the plane of polarized light (anisotropic) and is almost 
entirely free from true f/its. When myelin degenerates it changes from 
a mixture of these substances to true fats (triglycerids) which do not 
rotate the polarized light (isotropic). Prior to the onset of ophthalmia, 
swelling of the axis cylinders and nerve fibers and some irregularity of 
the myelin was seen. Later, vesicular areas of isotropic degeneration 
appeared in the myelin. The number of fibers involved increased with 
the length of time the animals were kept on the partially deficient 
diet. If the animals were fed the same diet with supplements of caro- 
tene from weaning, the nerves showed no changes. These authors also 
suggest that the early degenerative changes in the nerves may be 
responsible for the epithelial metaplasia. The animals at no time 
showed spasms or convulsions, possibly because their diet contained 
no cereals. Some other authors claim that the accuracy of this method 
for showing myelin degeneration has not been established. 

Seifried®® made a study of the nerve lesions occurring in hens fed 
vitamin A free chets. Clinically the birds showed ataxia, incoordina- 
tion, drowsiness and convulsions. The changes in the spinal eord fibers 
resembled those found by the other investigators, but in addition the 
anterior horn cells showed definite degenerative changes. Degenera- 
tive changes in the myelin sheaths in the sciatic, brachial and optic 
nerves were observed. In the brain a variety of very definite pathologic 
changes as observed in the ganglion cells of the motor cortex, of 
the nucleus dentatus, of the nuclei of the medulla oblongata, and more 
seldom in the Purkinje cells of the cerebellum. In other words, more 
changes were found in the motor nerve cells by Seifried than by the 
other investigators. 

John®^ found the sensibility of the cornea in advanced stages of 
vitamin A deficiency in man to be markedly reduced, whereas con- 
junctival sensibility was much less reduced. He believes these findings 
are evidence of a central nervous system lesion. Bloch also stated 
that children suffering from xerophthalmia were very indolent in the 
first stages and later extremely irritable. 

Suzman and his collalDorators®® tried without Success to produce nerve 
lesions in adult dogs by feeding a diet devoid of vitamin A. These 
authors suggest that their dogs died of some other unknown deficiency 
before the nervous signs of vitamin A deficiency developed. 

Grinker and KandeF® found that 4 monlceys fed an A deficient diet 
of poor quality (polished rice and aerated butter) showed neither 
nervous symptoms nor degenerative lesions postmortem. It was not 
stated whether the monkeys were adults. AVeiP® reported that 8 young 
rats fed on a synthetic A free diet did not show any marked weakness 
of their hind legs or any changes in their nervous s 3 ’’stems. Davison®® 
also was unable to confirm Mellanby’s findings in rats fed similar diets. 
Neither of the last two authors have reported their findings in detail. 

Hale^® described in 1933 3 litters of pigs farrowed by sows on a vita- 
min A deficient ration which were without ej'es or blind. 
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Night Blindness. i\Icllanby« found that the retina of a rabbit fed 
a diet deficient in vitamin A for 4 months vas much thinner tlian 
tliat of the control rabbit. In the bipolar and ganglion layers particu- 
larly there ivere fewer cells Avhich stained less intensely. The nuclei 
were eccentric and the Nissl granules powdery in the "ganglion cells. 
In a dog that had been fed a similar diet for over 7 years the whole 
ganglion cell layer in the retina had disappeared and the optic nerve 
had been replaced by connective-tissue strands. 

_ Wald’’^" has recently demonstrated by spectrographic methods that 
vitamin A is present in the retina, pigment cpithclia and choroid 
layers of frogs, pigs, sheep and cattle. This same worker'*-'’ has also 
shown that the retinas of frogs that have been kept in darkness for 
IG hours (dark adapted) contain visual purple but only a trace of 
vitamin A. Visual purple when treated with chloroform yields a new 
carotenoid, retinene, which is probably combined with a colloidal 
protein to form visual purple. Light-adapted frog retinas on the other 
hand contain vitamin A but no retinene. In an eye in which the retina 
and inner layers are intact, visual purple is regenerated from vitamin A. 
.Some ^^tamin A is lost in the cycle and for normal vision must be made 
good from the diet. Vitamin A, according to this author, is “a simple 
though special component” in the visual purple cycle. 

Skin. Very few investigators have described changes in the skin and 
epidermal structures of animals fed vitamin A free rations. Stccnbock 
and his colhiborators,'** however, in 1922 found that in rats, especially 
if they were over 4 months of age, the hair became thin and bushy, 
growths appeared on the skin of the cans, tail and nose, and eventually 
sores developed on the body and legs which healed with difficulty. 
Possibly these growths on the cars and tail were due to mites as these 
are prone to occur in such animals.^' None of these changes woiikl 
appear to be specifically caused by a deficiency of this vitamin. Man- 
viilc^^ found that such animals showed dccrcascfl activity of the seba- 
ceous glands, with dry bristling hair that readily fell out. Gudjonsson*' 
noted also that the fur lost its smoothness and that the feet became 
scaly and rough. Klcmola'*’ has described a kcratoplastic reaction in 
hoof formation in the horse, also due to a lack of vitamin A. 

In 18S3 De Gouve.a*'* stated that keratomalacia was .'issociatcd with 
a dry, scurfy -looking skin which was less sensitive than normal and 
that the hair fell out. Such findings have frequently been reported 
sinco.^**" For c.\ample, Bloch'**'*’ observed that infants suffering from 
this eye condition had dry, scaly, shrivelled skins. Occasionally bleach- 
ing of the hair has been noted also.®" 

In their report of an autopsy on a .u-inonths-olfl infant that died with 
keratomalacia, V’ilson and Du Bois^' noted that the skin had a peculiar 
wa.'^v feel Jind that there was slight de.squamation on the abdomen. 

Ilecenfly, Pillat*'- and Frazier and 110**** have reported two scries of 
eases of kcratonudaeia a.ssoeiatef! usually with skin changes. The 
T)atients were adult Chinese and the skin le.sion.s usually preceded those 
in the eyes. Both authors noterl that the skin was dr^- and covemi 
either with fine branny or larger sciiles of horny epithelium. In soini' 
ea'^es the i^kin was darker than normal and took on a didl .slate color. 
There were manv comefiones on the face and the hair was dry and lusfcr- 
Icss N'oni; of tlie patients showed signs of .-•curvy, ijcri-beri or pellagra. 
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The diet included white cabbage and salted vegetables and the former 
would provide enough vitamin C to rule out the possibility of scurvy. 
Pillat’s patients suffered from multiple painless skin infections which 
cleared up rapidly with a high vitamin A diet. Frazier and Hu noted 
that the skin appeared finely wrinkled in places. The most striking 
finding in these patients was an eruption of usually raised papules 
(spinous, according to these authors) at the sites of the hair follicles 
on the extensor surfaces of the upper and lower limbs, the lower abdo- 
men, the chest and the buttocks. The papules were usually deeply pig- 
mented. Microscopically, they found that the epidermis around the 
papules was moderately hypertrophied, although later authors have 
described it as markedly hypertrophied. The mouth of the follicle 
was plugged by a dense mass of cornified material, laid down in more 
or less concentric laminae — which one would expect was the product 
of metaplastic cells lining the follicle. The plugs either projected 
beyond the surface of the skin or were flush with it. The lower part 
of the follicle was atrophied and sometimes cystic and there was an 
increase in the intracellular pigment in the surrounding epidermal cells. 
Considerable numbers of lymphocytes, fibroblasts and occasional endo- 
thelial cells were found in the reticular tissue around the follicle. Only 
a few remnants of sebaceous glands were seen in the midst of the inflam- 
matory zone. The ducts of the sweat glands were dilated and occluded 
by keratinized material, and the epithelial cells of the tubules were 
shrunken and irregular. The lumen of the glands was dilated. Pus- 
tulation occurred in about one-third of the cases. The infection appar- 
ently started in the plugs and spread into the perifollicular tissue. 
Ulcers were sometimes seen in the lining tissues of the distended fol- 
licles. No local treatment was used, but after 2 weeks of a high vita- 
min A diet the skin was definitely moister. The ulcerative lesions 
healed promptly. The papules decreased in size slowly and finally 
disappeared, leaving delicate atrophic pigmented scars. The cases 
were fpllowed at the most for only 2 months and the skin had not 
become normal within that time. These findings fit in so perfectly 
with those seen elsewhere in vitamin A deficiency that it is hard not 
to believe them specific. Wiltshire,®^ however, described very similar 
lesions in cases of latent and manifest seurvy amongst Serbian troops. 

In 1933 LoewenthaP® described an almost similar condition among 
East African prisoners. The papular eruption was present in all 
cases of xerophthalmia and night blindness. It occurred chiefly on the 
extensor surface of the arms and outer and front surfaces of the thighs. 
This author noted that the dryness of the skin did not include that of 
the face or scalp. Itching was common. He gave 1 ounce of cod liver 
oil daily, leaving the rest of the diet unchanged, and no local treatment 
was applied. All of the night blindness and xerophthalmia and 98.6% 
of the dermal lesions were cured after 9 weeks of this treatment. 

Nicholls of Ceylon®® reported the same general findings and called 
the condition phrynoderma (toad skin), after the native name. Two- 
thirds of the patients who were suffering from this affliction had eye 
sjTnptoms such as dimness of eyesight. Keratomalacia was only found 
in one-eighth of these patients. In the later stages they frequently 
developed neuritis and diarrhea and some deaths resulted. 
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Goothvin'*^ has recently reported a case with a similar eruption in a 
10-year-old child in England. It was associated with a smooth red 
tongue and apparently pyorrhea. On a high ^utamin A diet plus 
4 drachms of cod liver oil daily, the dr\Tiess of the sldn, the eruption, 
and the yellowness of the conjunctiva disappeared, the tongue papilln 3 
regenerated and the gums improved in from 3 to 6 weeks. 

Sweet and ICAng®® from China have recently described IG cases of 
kemtomalacia. Only some of them showed the tj’pical papules de- 
scribed above and the incidence was therefore considerably lower than 
in the other series, but most of these patients were very young. 

Nicholls^® also described a condition of “sore mouth” in which the 
patient showed patches of superficial erosion in the mucous membrane 
of the lower lip or tongue and later a red glazed tongue. It was only 
about one-cpiartcr as common as phrjmoderma. About 80% of the 
sore mouth patients showed phr.\Tioderma as well. Glazed tongues 
have been described in rats fed diets deficient in the vitamin B complex. 
In deficiency diseases in man, usually several food factors are lacking 
and the resulting pathologic picture is very complicated. Nicholls 
stated that the Cingalese diet was very short in fat soluble A’itamins 
and probably also in vitamin Bo. 

hlacKay"’ has reported some interesting results with English infants, 
lialf of whom were fed milk and solid food, and the other lialf the 
same diet plus extra vitamin A (a concentrate made from mammalian 
livens). The latter group showed a considerably lower incidence of 
skin infections, such as sore buttocks, intertrigo, and dribbling rashes. 
No obvious change in skin texture preceded this. No alteration was 
noted in general resistance or growth. 

Several authors have found skin infections of various kinds - firruncu- 
losis, pyodermia, ulcers'*®' and so forth, usually common among indi- 
viduals sufi’ering from A'itamin A deficiency. For example, Spence®® 
found that two-thirds of his 17 patients with night blindness and 
xerophthalmia sufi’ered from persistent skin infections which cleared 
up raj)idly, as did also the eye symptoms, when an adecpiate diet 
including cod liver oil was fed. Bloch” found severe infections, including 
pyodermia, common in his xcrophthalmic children. For further refer- 
ences to such cases see MacKay’s excellent review.®^ 

Stomach and Intestines. In their early work (192.")) Wolbach and 
ITowe® stated that no mctaplastic changes were found in the stomachs 
and small or large intestines of ^•itamin A deficient rats. Later 0933)®® 
these authors found that the forcstomacli of such rats, whicli is normally 
ciovered with squamous epithelium, shows focal hjqjcrkcratosis. Sevend 
other investigators, including Fujimaki, Fridcricia, and Moll and his 
collaborators,®® have reported similar findings. Fujimaki stated tliat 
the hyperkeratosis and pai)illomata wore more marked if the diet 
contained considerable fat. 'When cxclusi%'c fat diet.s, even containing 
considerable amounts of cod liver oil, were fed, similar changes were 
observed. However, s)ich a diet is so deficient in many other food 
factors that the results arc of <iuestional)le value. Iridericia exam- 
ine<l by laparotomy the stomachs of a .series of rats that liad been fed 
a vitamin .A free diet intermittently for IS weeks, lliey showed papil- 
lomata. 'J'hey were then fed a normal diet for a year. At the end of , 
that time the'pai)illoiiiata had disappeareil in 19 of the 21 rats. Hie 
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epitbelial overgrowths seem therefore to be definitely due to this specific 
deficiency. Moll et al. found the flat epithelium was hypertrophied 
and surrounded for the most part in ring form an atrophied or still 
relatively normal part of the epithelium. The changes were most 
frequently found at the margin of the squamous and glandular epi- 
thelium where the processes first appeared to be atrophic and degen- 
erative, but later became hypertrophic, apparently as the result of 
infection. In a large series of vitamin A deficient animals, Arons and 
van der Ri jst®^ found 64% had changes similar to ulcers in the squamous 
epithelium of their stomachs, which these authors thought were prob- 
ably non-specific. Pappenheimer and Larimore®® had previously stated 
that similar gastric lesions were possibly due to the swallowing of hair. 
Manville®® found that white rats on a vitamin A deficient diet devel- 
oped gastric ulcers and peptic erosions. The incidence varied from 
60 to 100%, depending on the amount of vitamin A in the diet. . In 
these animals there was also a reduced amount of mucus secreted by 
the stomach (method of determination not stated). The pH of the 
normal stomach they found to be 3.4; in the stomach with ulcers it ' 
was found to be between 2.5 and 3. l^Tien Fogelson’s mucin was fed, 
it seemed to have some beneficial effect on the stomach, but it did not 
prevent death from the vitamin deficiency. Incidentally, a high inci- 
dence of microscopic gastric ulcers has been found in rats fed a vitamin 
Bi deficient diet’® and about 25% of a series of 75 guinea pigs fed diets 
deficient in vitamin C developed macroscopic ulcers in their stomachs.’^ 

Turner and Loew’^ noted gastric dilatation in their monkeys which 
had died from A avitaminosis. Manville^® reported that after about 
2 months on an A deficient diet the rat’s mouth, large bowel, rectum 
and feces became drier, probably due to a lack of glandular secretion, 
and pH of the saliva changed from the normal 7.4 to 6.6. Debre, 
Busson and Siramonet’® found hemorrhages into the stomach, intestines 
and bladder in their A deficient rats and the extent of the bleeding 
increased with the severity of the deficiency. 

Even as little as 3 weeks on an A free diet is usually sufficient to 
cause changes in the intestinal tract which are visible to the naked 
eye, according to the recent work of Richards.® She observed with 
great frequency keratosis and ulceration in the squamous part of the 
stomach, and pittings, hemorrhagic points and even ulceration in the 
glandular part. These changes as well as those found also in intestinal 
tract (see below) this author thinks are responsible for most of the 
decreased rate of growth in such aninials. 

A good many years prior to this Cramer’'* (1923) had found marked 
atrophy of the villi with necrosis of their tips in the lower ileum of 
animals fed diets lacking the fat soluble ^'itamins, when compared with 
controls fed either a barely adequate or a vitamin rich diet. These 
changes he thought would lead to decreased absorption of the food. 
This same author, with Kingsbury,’® found that in this deficiency the 
mucous glands of the intestine atrophy and there is of course a decrease 
in the amount of mucus. This favors bacterial multiplication, and he 
observed that the bacteria which normally are almost restricted to the 
central lumen, in these a\’itaminotic rats penetrate between the villi 
into the crypts of Lieberkuhn and into the mucous glands of the cecum, 
which they fill and Avhere they proliferate. Wolbach and Howe’ noted 
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a very slif,4}t atrophy of Brunner’s glands. De Ruv'tcr lias recently 
also found atrophy of the mucous glands, and in addition the dis- 
appearance of the goblet cells in the intestine. Some years ago, Jlac- 
ICay'® found that n-Jien kittens were kept on diets deficient in the fat 
soluble vitamins they developed diarrhea and abdominal distention and 
the intestinal ivall rvas found at autopsy to be very thin. 

Se\'end authors have found that diarrhea commonly occurs tvhen 
animals are fed such diets. I'iicholls"*' and also Pillat^" observed diar- 
rhea in human cases of keratomalacia, rvhere it came on some time 
after the e\'e changes began. Wolfe and Salter-* observed it in mice, 
Hart rl al. in cows,*” Tumor and Ivocw"* in monkey's, and Gudjdnsson^'' 
in a few rats at the terminal stage. In the monkeys it was very severe 
and ended in death, and at autopsy the intestines showed marked 
enteritis. Tilden and 3Iiiler*^'' regularly found that monke3-s devel- 
oped diarrhea and colitis on A deficient rations. When the monkcj^s 
%vere e.\amined after death a few showed gross ulcers in the colon, more 
showed microscopic ulcers and severe colitis, and a few showed less 
severe lesions. 'Ihvo monke^-s showed no changes in the intestine. On 
tlie otlier hand, Hetler**'^' observed colitis in only 3 of his 27 A deficient 
monkej’s, and 2 of these had intestinal ulcers with inflammation or 
edema of the intestinal mucosa. He thinks that the colitis observed 
bj’ others in monkeys may have been due to the use of an irritating 
diet. The monkcj’ apparent^' is prone to develop diarrhea. Seifried'*^ 
observed intestinal catarrh and inflarnnjation in adult hens fed A free 
diets. 

Bicliards^ has recentl.v reported a strikingl.v high incidence of cecal 
inflammation in rats on A deficient diets. Ulcers of the cecum were 
also ciuitc common, as well as inflammation of the duodcniim and the 
rest of the small intestine. Diarrhea, especially in the Interstages, was 
not infrequent. TJierc was apparentl.v no epidemic of enteritis and 
the controls were unaffected. One would infer that infections had been 
set up in the intestinal mucosa which had been rendered more vulner- 
able j)y the food doficiciic.v. Richards’ report is based on large scries 
of raLs and should be repeated by other investigators. Green and 
Mclianby*" hud an epidemic of enteritis during the course of their 
cxp(!riment.s and their vitamin A deficient rats were ver.v susceptible, 
21% of them d.ving. 

Ackert and his collaborators” noted more material than usual in 
the inte.stines of tlicir A deficient chickens, which suggested sluggish 
])erista!si.s. Gross,"® by means of feeding cliarcoal to rats and identi- 
fying it in the feces (a method which the present author found unsatis- 
factory'), found that material passed more rapidly than normal throng!) 
the in'testinc.s of A deficient rat.s, Scidmon jmd Arnold dernon.stratcd 
that the intestinal tract of A deficient rats was more permeable to 
bacteria, as determined by feeding the organi.on.s and culturing several 
organs after to 1 hour intervals than was th.ut of adequately fed 

controls. , 

Working with .voting children and infants, Rowntree^* <lcmon.strate( 
that much vitamin A is excreted in the feee.s. In 2 of (he infant-s feil 
a diet low in vitamin A, the excretion exceeded the intake. Perhaps 
the excretion of vitamin A by the intestinal mucosa may provide the 
ceils with this factor, so that they locally do not suffer from a lack ot 
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this factor and do not show metaplasia. No vitamin A was found in 
the urine even though generous amounts were fed. Von Drigalski*^ 
found vitamin A in the feces of rats when they were fed it in excess. 
In human beings he did not find it in the feces. 

Sweet and K’Ang,®* who carried out 17 autopsies on Chinese patients 
suffering from avitaminosis A, found in 5 that the esophagus showed 
hyperkeratosis (like epidermis). The submucosa was infiltrated with a 
moderate number of Ijonphoid cells and a few mononuclears. The 
digestive tract otherwise was normal. 

Urinary System. According to the work of Wolbach and Howe the 
epithelium of the renal tubules showed no metaplastic change. Mendeh® 
stated that the cells of the renal , tubules seem to become calcified in 
some instances Avhen rats are deprived of vitamin A for long periods. 
De Ruyter'* has recently published a photograph of such calcified epi- 
thelial cells, van Leersum,*^ using rat diets which were probably defi- 
cient in both vitamins A and D, found calcium deposits very eommonly 
in the kidney tubules. This finding was very rare in the adequately 
fed controls. Davis and Outhouse®^ fed their rats a diet which was 
partially deficient in vitamin A and probably free from vitamin D. 
They found cloudy swelling of the parenchyma of the collecting tubules, 
which was especially well seen in the second generation raised on this 
diet. Sometimes an albuminous precipitate was seen in the tubules. 
The bloodvessels were also congested. Gross'^® reported that in vita- 
min A and D deficient rats there was a greater ineidence of vacuolation 
of the cells of the convoluted tubules near the pyramids and more 
marked congestion than normal. In a series of only 7 rats which were 
fed an A and D free diet, Frontali®’ found 4 with macroscopic abscesses, 
2 with microscopic abscesses and 1 with perivascular hemorrhages in 
the kidney substance. Other investigators have not as yet confirmed 
this work. Chu and Murphy^® state that in the early stages of vita- 
min A deficiency their rats did not show any reduced kidney function 
as measured either by the excretion of creatinin or by specific gravity 
determinations on the urine. 

Quite a number of detailed studies have been made on the changes 
in the kidneys of chickens suljsisting on suitable A free diets. Elvehjem 
and Neu®^ found that in such birds many of the renal tubules were 
dilated with urates and the whole kidney seemed to be filled with this 
material. The blood uric acid was raised, probably because of the 
kidney damage. There was always slight nephrosis and occasional 
areas of parenchymatous degeneration, mostly in the proximal con- 
voluted tubules. The distal portion of the collecting tubules and the 
ducts of Bellini were considerably dilated. Some of the tubules con- 
tained leukocytes, giant cells and cellular debris, others considerable 
colloid material. Practically all the sections showed hyalin deposits 
in both arteries and glomeruli. Birds do not destroy uric acid and 
convert the greater part of the urea into uric acid for elimination. 
Beach®® reported similar gross changes. Capper®® and his co-workers 
found that chickens dying of vitamin A deficiency showed white, 
powdery deposits, apparently of urates, around the heart, liver and 
other organs, which agricultural experts diagnosed as visceral gout. 
Emmett and Peacock®® reported similar findings and also that the 
kidneys were usually very pale and marked with a network of very fine 
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white lines, which were urate filled tubules. These workers, particu- 
larly Elvehjem, have demonstrated clearly that severe vitamin A defi- 
ciency caused_ definite pathologic clianges in the kidnej-'s of chickens. 
Similar intensive studies on the rat would be of interest. 

Manj" authors have described metaplastic changes in the Iddney 
pelvis of animals and even of man. Tyson and Smith®^ noted that 
these changes might appear early, even preceding those in the respira- 
tory tract. They found that the epithelium first was piled up (lij^ier- 
plastic) and the subepithelial tissue infiltrated with neutrophils. The 
epithelium later became keratinized. Harris and his co-workers®- also 
described hjTJerplasia in the pehds epithelium. Another frequent site 
of hjqDerplasia in the metaplastic epithelium is at the base of the 
tongue. Rats fed vitamin A free diets commonly develop pyelitis. 
Richards, for example, found that 45% of 64 rats fed such diets for 
5 to 11 weeks developed such infections. 

Aletaplastic changes in the bladder epithelium are also common. 
Arons and A^an der Rijst®^ state tliat the changes always begin at the 
urethral orifice. If the rat is kept on the diet long enough, one-third 
to one-half of the bladder is affected, and later all of it. The keratinized 
epithelium shows A’errucose thickenings. These authors found that 
these epithelial changes sometimes occurred without associated infec- 
tions. Hari’is and his co-workers®® thought that they had possibly 
found slight metaplasia without infection sometimes in the sublingual 
and submaxillary gland. These processes were, however, very usually 
found together and the infectious process never preceded the meta- 
plastic. Frontali found epithelial pearl formation in the metaplastic 
epithelium of the bladder and, in his rats, cystitis was even more 
common than pyelitis. Bliss and his associates®® found that if rats 
were fed diets lacking only A-itamin A their bladders became distended 
and badlj’’ congested and some abscesses were found in the bladder walls. 

Fujimaki®^ and also Higgins®^ state that the urine of rats fed Auta- 
mins A and D deficient diets becomes alkalin. If the missing Autainins 
are added the lu-ine becomes acid again. It has been suggested that 
the alkalinity is due to infection AAuth organisms, c. g., staphylococci, 
streptococci or B. ‘protcus-ammonicc. The latter is knoAsm to conA'^ert 
urea into ammonia and carbonic acid, which would probably explain 
the more alkalin reaction. HowcA'er, Higgins found alkalin urine 
regularly CA^en before infections AA'ere demonstrated. A'^an Leersum®® 
reported that the urine Avas acid and he rarely found cystitis, or bacteria 
in the urine. Hematmla Avas, howcA’^er, fairly common. Further 
simultaneous measm-ements of the urinary pH and accurate bacterio- 
logic tests imder such dietary conditions are indicated. Possibly some 
of the beneficial urine acidifying effects of ketogenic diets may be due 
to their high A'itamin A content. 

Considering the exfoliation of epithelial cells which may occiu in 
eitlier the peh'is of the kidney or the.bladder, it is not surprising that 
several authors have noted an increase in the epithelial cells in the 
urine in human cases of keratomalacia.®®- ®® Chu and Murphy®®^ also 
noted that SS% of a series of rats suft’enng from early vitamin A 
deficiency had increased numbers of epithelial cells in the urine. ^ ^ 

The question of the relation of A-itamin A to urinary calculi is at 
present in an unsettled state. As a short but comprehensive review on 



PATHOLOGY AM) BACTEKIOLOGY 


423 


the subject has recently appeared in the Journal of the American M edical 
Association^'’ this discussion will be brief. It is true that a good many 
of the authors who claim to have produced calculi in rats by a lack of 
vitamin A have as a matter of fact used diets deficient in vitamins D and 
C as well. However, as. the rat can apparently synthesize vitamin C, 
it does not need this in its diet. As to the lack of vitamin D, Bliss 
and his co-workers®^ demonstrated that a diet deficient in vitamin A 
alone Avas just as effective as one lacking both vitamins A and D for 
the production of calculi. If vitamin A alone was added to the A and 
D free diet, calculosis did not occur. Also Higgins®" found that diets 
deficient in vitamin D alone did not give rise to calculosis. It there- 
fore seems reasonable to suppose that the associated deficiency of 
vitamin D has no effect, and that vitamin A is the important factor. 
Also Arons and van der Ilijst found that 13% of their rats developed 
A’^esical calculi when they were fed a diet deficient only in vitamin A. 
The problem of lithiasis is further complicated by the fact that if exces- 
sive phosphates or especially calcium salts are added to the diet the 
incidence of stones increases markedly.®'^ In addition McCarrison®® 
showed that a diet devoid of fat-soluble vitamins and high in calcium 
(also low in good proteins) frequently caused calculosis. The addition 
of neither phosphates nor Autamin A alone prcA'^ented the formation of 
the stone, but if both these substances Avere added simultaneously no 
stones Avere formed. In other Avords, McCarrison shoAved that urinary 
stones could be formed Avhen Autamin A Avas present in the diet. Other 
inA’-estigators®®' ^®® have also found this to be the case. In 2 cases the 
Ca/P ratio in the diet Avas. abnormally high,®®- ®® and in the third an 
excess of magnesium carbonate Avas fed.^®® 

l^fiien the rats are fed diets deficient in vitamins A and D, the stones 
are almost ahvays composed of phosphates of calcium and magnesium 
Avith a little organic material and possibly traces of oxalates of potas- 
sium and sodium. In man the problem is more complicated as several 
A’^arieties of stones (urates, phosphates, etc.) may occur. As a general 
rule rats must be kept on the deficient diets for long periods, AAoth short 
intervals on a normal diet to keep them alive, before the stones appear. 
The cystic stones appear first, later folloAved by renal stones and 
finally by stones in the bile ducts.®^ The latter are formed largely of 
cholesterol and pigment. Emiliani and Bazzocchi^®^ reported that 
75% of their guinea pigs fed an A deficient diet dcA^eloped Ijiliary 
calculi. When a Autamin B deficient diet Avas used, no biliary calculi 
Avere formed. 

No adequate theory has been proposed to explain AA^hy a deficiency ■ 
of Autamin A leads to the formation of urinary stones. Some of the 
factors involved may be as folloAvs: 

1. The sloughed off keratinized cells may proAude nuclei for the stones. 

2. The drainage of the urine may be interfered with, due to epi- 
thelial proliferation in the ureters or urethra. 

3. This stasis of the urine may faAmr infection. Infection very 
commonly accompanies calculosis. 

4. The alkalin reaction of the urine, due perhaps to bacterial changes, 
may alloAv the salts in the urine to be precipitated out of solution. 

Genital System. In the Male. In 1925, Wolbach and HoAve^ 
reported that in rats AA-hich had been fed a vitamin A deficient diet 
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for some time, the testes were only about half their normal size. About 
a year earlier Gross’® had noted the same atrophy. However, early 
in the course of the deficiency the testes showed marked edema. 
Thatcher and Sure’®® only occasionally observed edema beneath the 
capsule and extending slightly' between the glands. They noted in 
addition that general or local atrophy of the tubules was common. 
Wolfe and Salter®® found that in mice the testes were small, soft and 
watery when cut. Manville''® found the seminal vesicles underdevel- 
oped in his vitamin A deficient rats. 

Metaplastic changes in the epithelium of the epididymus, prostate, 
seminal vesicles and Cowper’s glands have been described in both the 
rat’ and the guinea pig.®'* Similar changes in the last three organs 
were also found in the mouse.®® In man. Sweet®® observed metaplasia 
of the prostate in 1 of 10 cases of keratomalacia. Abscesses may later 
occur in the seminal vesicles and prostate and preputial glands according 
to Arons and van der Rijst.®’ 

Goldblatt and Benischek’® found atrophy and degeneration of the 
germinal epithelium and Wolfe®® described somewhat similar changes 
in mice. A really detailed investigation was published by Sampson 
and Korenchevsky’®® in 1932. They described changes similar to those 
found in vitamin E deficiency with the formation of giant cells. How- 
ever, from the excellent work of Mason’®*“ which appeared in 1933, it 
appears that Sampson’s diets were likely deficient in vitamin E as 
well as vitamin A. A deficiency of vitamin A seems to accentuate the 
need for vitamin E. In vitamin A deficiency only, Evans’®*® and also 
Mason found that the testes changes occurred before or at about the 
same time as xerophthalmia and frequently before any loss in body 
weight. The earliest change consisted in marked sloughing of the 
germinal cells into the lumina, with a consequent reduction in the 
tubule size. Often there were small numbers of deeply staining pj'knotic 
cells visible. The epithelium seemed capable of slow cellular differen- 
tiation and sperm production for a considerable period of time in spite 
of the marked reduction in tubule size. The tubules usually contained 
from one to four layers of germinal cells, mostly spermatogonia and 
very immature spermatocytes with a few more mature cells attempting 
to produce sperms and a few poorly formed sperms. As the degenera- 
tion progressed spermatogenesis stopped, and in the final stage the 
picture was very similar to that of the last stage of vitamin E deficiency, 
although in the latter there is usually a more complete removal of the 
residual germ cells. Tliese changes in the germinal epithelium are 
of course not those of keratinization. 

The poor nutritive state of the animal probably results in the de- 
creased production of the sex stimulating hormones of the anterior 
pituitary, which in turn leads to atrophy of the accessory sex organs. 

In the Female. Wolbach and Howe found metaplastic changes in 
the epithelium of the oviduct and uterus in the rat’ and guinea pig,®* 
and such changes have been found in the latter organ in man.®’ The 
altered uterine epithelium may e.xplain the frequently observed sterility 
in A deficient rats.’® The cause may, however, be a partial or complete 
blocking of the oviduct with desquamated epithelium. Evans’®" found 
that about one-fifth of the copulations of A deficient females resulted 
in pregnanev, and that the young which were born were normal. hen 



PATHOLOGY AND BACTERIOLOGY 


425 


pregnancy did not result, there was no evidence that implantation had 
occurred and in some cases where sections were made of the oviducts 
1 to 3 days after copulation, degenerating ova were found which showed 
no signs • of fertilization or cell division; Manville'*'’ and others also 
thought that fertilization and implantation often did not occur. Sure,^°® 
on the other hn.nd, found evidence “by tloe resorption curve” and by 
the appearance of the uterine horns, that the rat fetus had been resorbed 
during gestation. One would suspect that this was due to an associated 
deficiency of vitamin E. It has been observed that the normal phe- 
nomenon of pseudopregnancy does not occur in vitamin A deficient rats, 
which suggests that there is some impairment in the internal secretions, 
of these rats.^”® Hughes and his collaborators-^ regularly found that 
sows fed A deficient diets and bred before the onset of nervous symp- 
toms always aborted or gave birth to dead young. 

It is probable that no changes occur in the ovaries of rats fed vita- 
min A deficient diets, as Drummond,^®^.’^'*^ Coward^”® and Thatcher 
and their co-workers have found. Opinion, however, is not unanimous 
on this question as Gross'^® found in the rat that more Graafian follicles 
than usual were degenerating, and in the guinea pig, Wolbach and 
Howe^'* consistently found atrophy of the ova and Graafian follicles. 
Further detailed studies of the ovaries of such animals would probably 
clear up the question. 

In 1922, Evans and Bishop'®® observed that in female rats fed diets 
deficient in vitamins A and D the vaginal smears, which normally con- 
sisted of cornified epithelial cells only for about 30 hours during estrus, 
became persistently chiefly if not exclusively composed of these corni- 
fied cells. However, these workers observed that such animals con- 
tinued to ovulate and to form corpora lutea irregularly or at intervals 
approximately normal. Evans'”® later studied this problem by observ- 
ing the behavior of such females in the presence of normal males, by 
examining their ovaries for presence of ripe follicles, and by removing 
both ovaries and then examining the vaginal smears. At times when 
only cornified cells were present in the smear, the females did not copu- 
late, and ripe follicles were absent. Also the continuous cornified 
smears appeared even when the ovaries were absent. In other words, 
these vaginal changes were unrelated to the ovary. The addition of 
vitamin D to the diet did not alter the reactions. Aberle"” made sec- 
tions of the vaginas of such animals and found that the peripheral cells 
of the vagina were cornified, and in many instances leukocytes were 
seen between the cornified cells. She also noted that at about the 
time the continuous cornified smears appeared, the vagina was very 
dry, and that the vaginal mucosa could not produce mucus even after 
the injection of excessive amounts of placental extract. In normal 
rats this treatment causes large amounts of mucus to be secreted. 
Mason'" later reported that mucus production in the vagina ceased in 
these animals. In fact this author made the general observation that 
the ability of epithelial cells to produce mucin was lost in vitamin A 
deficiency, whereas that of producing ketatin was increased. He sug- 
gested. that vitamin A had some controlling influence on protein metab- 
olism in the epithelial cells. He also noted that no preliminary atrophy 
occurred in the vaginal epithelium in these rats. The vaginal epithe- 
lium increased greatly in thickness, which fits in with the finding, 
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previously reported by Aberle,*'* of increased mitotic activity in this 
tissue in castrate rats. In the normal rat, at the approach of pro-estrus 
the superficial layers of the vaginal epithelium are nucleated, and 
these cells appear in the pro-estrus smear. Beneath this is a comified 
layer which is shed during estrus. In the deficient rats the superficial 
layer becomes cornified, and the normally cornified layer becomes 
wider. It is less completely removed immediately after estrus, and 
this, plus the abnormal cornification of the deeper layers, leads to the 
appearance of cornified cells in the di-estrus smears. 

Masonic® ^jgQ examined the vaginal smears of rats fed the A deficient 
diet and of controls whose weights were kept at approximately the 
same levels by feeding reduced amounts of a complete diet. He stained 
the smears supra^^tally with neutral red which enabled him to demon- 
strate the estrus cycles despite the abnormal cornification. The estrus 
cycles bedame definitely longer and irregular when the animals showed 
retardation or decline in growth, regardless of whether the deficient 
or restricted adequate diet was fed. The effect on estrus was therefore 
due to inanition only. However, the abnormal cornification occurred 
only in the rats fed the vitamin A deficient diet and was apparently 
the specific effect of this lack. 

It has been stated that the appearance of continuous comified 
vaginal smears is the first sign of \dtamin A deficiency. This has not 
been found to be regularly the case,**® although it may occur in some 
40% of the animals before cessation of growth.** It does precede 
xerophthalmia, and as growth retardation is not a specific effect, it 
has been used as a means of testing for ^^tamin A. Turner and Loew^® 
observed that after monkeys had been fed such diets for about 60 days 
their vaginal smears showed persistent cornified cells and the menses 
ceased. Hart®* also observed that at the end of a very dry stunmer 
the cattle on a certain ranch developed night blindness, corneal ulcers, 
diarrhea and the non-recurrence of estrus after cahdng. Calves born 
late in the season died. The sur\'ivors recovered when green feed was 
available again. Manville** also noted lessening of the mammary 
secretions due to incomplete development and decreased function. 

It has been found that 3 to 5 7 of carotene (pro-idtamin A) will cure 
the specific ophthalmia and cause slow growth, but the vaginal smears 
still remain abnormal.**^ If 10 7 is given, di-estrus smears appear 
within 1 week, and estrus within 2 weeks. That vitamin A is very essen- 
tial for reproductive actmty has also been shown by Manzi*** who 
found that larger amounts of carotene were required by a pregnant 
guinea pig on a diet free of vitamin A to bring the pregnancy to a 
successful termination than for maintenance of a non-pregnant animal 
on the same diet. 

Spleen. Several authors have made brief references to the changes 
occurring in the spleen in vitamin A deficiency. For example, Davis 
and Outhouse*^ found only very slight changes in the spleen, such as 
cbilgestion and frequent dilatation of the venous sinuses, in rats which 
were fed diets partially deficient in vitamin A. Wilson and Du Bois** 
noted that the spleen of an infant that died apparently of this avita- 
minosis had splenic nodules with very pale centers, in' which Wge 
mononuclear cells with abundant protoplasm Avere numerous. The 
same changes were noted in the mesenteric glands and Beyer’s patches. 
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Gross'^® stated that his rats showed a great increase in thickened hyalin 
bloodvessels and pigment. Wolbach and Howe’ noted a great diminu- 
tion in the size of the spleen which was due to the depletion of the 
lymphoid cells and erythrocyte forming cells. There was, however, an 
increase in phagocytic cells laden with hemosiderin. They also remarked 
that the same changes were found in vitamin B deficient rats. These 
same authors later stated that guinea pigs showed no change in the 
size of the spleen, but it contained heavy accumulations of hemosiderin 
in the phagocytic cells. Blackfan and Wolbach®^ found hemosiderosis 
in the spleens of all the infants, apparently dying from this deficiency, 
that came to postmortem, and Sweet and K’Ang®^ found it in half 
their adult cases of keratomalacia. These investigators thought that 
the hemosiderosis, which occurred frequently in other conditions, was 
not a specific effect of the deficiency. Thatcher and Sure'®® reported 
that the spleen showed atrophy; Bliss et aL®® that it was discolored and 
in most cases shrunken and infiltrated with fat; and Wolfe and Salter®® 
that it was usually very dark and small. 

A very detailed investigation was published by De Ruyter® in 1934, 
including excellent photographs of the histologic changes in the spleen. 
In early deficiency the spleen is macfoscopically normal. Microscopi- 
cally, the Malpighian bodies are easily made out and it is seen that the 
central area, which is much wider than usual, is composed of many 
large, markedly phagocytic cells and a few lymphocytes. The outside 
zone is- smaller than usual and contains a smaller number of small 
lymphocytes and a larger number of large and medium-sized lympho- 
cytes and histiocytes. At the periphery of the spleen the cells are 
larger and swollen and show mitosis. Also nmnerous free histiocytic 
cells and marked -phagocytosis is seen here, which woidd suggest that 
there was stimulation rather than atrophy, although the small lympho- 
cytes have partially disappeared. This deficiency of lymphocytes is 
also evident in the atrophy of the Peyer’s patches and of the solitary 
follicles, and in the white blood picture. 

In marked vitamin A deficiency, the spleen is very small and thin 
and the Malpighian corpuscles can hardly be made out. On high 
magnification it is seen that in the central areas of the corpuscles 
there are large swollen reticular cells, nmnerous small and medium- 
sized lymphocytes, occasional free histiocytes and a munber of large 
macrophages full of blood breakdown products. The germinal center 
is therefore in an active phagocytic state. Lymphoeytes are very 
scarce in the next layer. The periphery of the spleen appears inactive 
and no evidenee of mitosis is seen. In some places remains of red 
blood cells and a few intact red cells are seen. The histiocytes are 
rare and where they are found they are laden with detritus and pigment. 

When trypan-blue was injeeted, the ability of the reticulo-endothelial 
cells of the spleen to aecumulate it was very markedly reduced. 

Rydh-Ehrensvfird and Schmidt"® reported that the guanase activity 
of the spleen was lowered in rats on an A free diet and also that the 
activation period of the enzyme was also changed. Carotene feeding 
raised the guanase content of the spleen and restored the activation 
period to normal. 

Lassen"’ showed that rats fed \dtamin A and also A and D deficient 
diets were considerably more susceptible to B. wrtrycke infections 
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whether they were inoeulated per os, subcutaneously, intravenously, or 
intraperitoneally, than were normal controls. With the last three 
methods, the effect of the possibly increased permeability of the mucous 
membranes is ruled out. With oral infections he found that in the 
normal controls the bacteria were localized for the most part in the 
Peyer’s patches and mesenteric glands, with some extension to the 
liver and spleen. In the avitaminotic animals the liver and spleen 
were regularly involved and a fatal bacteremia followed. These results 
might be explained .on the assumption that the reticulo-endothelial 
system was not functioning efficiently. 

Crimm et also noted that after the injection of B. typhosus, 
vitamin A deficient animals had a more persistent leukocytosis than 
did either the controls or the moderately deficient animals. It would 
appear then that the ability of the reticulo-endothelial system to fix 
and dispose of foreign protein is reduced in this deficiency. 

Liver. Several authors have reported that no changes occur in the 
liver of vitamin A deficient animals; for example, Wolbach and Howe-^ 
using guinea pigs, and Wolfe ct with mice. Davis and Outhouse*^ 
also found that the hirers of partiallj'- deficient rats were normal. On 
the other hand. Gross’® reported great congestion in the liver, and Wol- 
baeh and Howe’ noted diminution in size, which they thought was 
due to the absence of stored fat and glycogen. These investigators 
used white rats. Thatcher and Sure*®^ found in about one-third of their 
deficient rats that there was fibrosis about the portal spaces, and infil- 
tration with eosinophils and small lymphocjdes. Only one of their 
controls showed a similar but less marked reaction. De Huy ter® later 
independently reported fibrosis in these same areas. Bliss and his 
.collaborators®® noted that the liver was discolored and frequently 
shrunken and infiltrated with fat, and Blackfan et alP and also Sweet 
et described hemosiderosis in the liver as frequently as in the spleen. 

De Ruyter® also gave a^ detailed description of the liver changes. 
Macroscopically only 24 of the 178 livers examined showed changes 
which' could be ascribed to the deficiency, such as diffuse swelling and 
a yellowish-brown color. Microscopically, of 42 livers examined only 
those in the very early stages of the avitaminosis showed no changes. 
In the others, the liver cells contained either large or small vacuoles, 
apparently of fat. The nuclei were sometimes pyknotic and sometimes 
did not stain well. In the early stages the fat appeared only in the 
cells about the periphery of the lobule, but later these changes were 
generalized. The glycogen disappeared from the liver cells. The 
fibrosis around the bile ducts occurred only rarely. Changes in the 
Kupffer cells, which occurred early and regularly, consisted in swelling, 
deposition of fat and pyknosis of the nuclei. MTien trypan-blue v'as 
injected the Kupffer cells absorbed it very poorly. Leber,“® in 1883, 
described a human case of keratomalacia* in which the liver vms fatty. 

Saiki^’® tested the excretory functions of the liver of rats and monkeys 
fed normal and vitamin A and D deficient diets by injecting Azorubin S 
intravenously and then determining how soon it was excreted by the 
bile and how long the bile contained it. In the deficient animals the 
d\^e was excreted much less rapidly, although the time of appearance 
in the bile was not much altered. . f 

Drummond' and his co-workers*®* injected a colloidal solution oi 
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carotene intravenously into cats. They found that the greater part 
of it was immediately absorbed by the liver where it was found exclu- 
sively in the Kupffer cells. It is well known that in the normal animal 
the main store of vitamin A is in the liver. 

Blood. As regards the number of red blood cells, several authors 
(Happ,^^^ Turner, Falconer^^^) state that this is unaltered in vitamin A 
deficiency; Damianovicld^® found it reduced. Cramer, Drew and 
Mottram'“® reported that in the early stages there was no constant 
difference, but that in the advanced stages anemia was present. Koessler 
and his co-workers'^’^ were able to cause a blood picture similar to that 
of pernicious anemia by feeding deficient, adequate, deficient and 
finally adequate diets. This has apparently not been confirmed by 
other investigators. Davis and Outhouse®^ gave their rats a diet low 
in fat soluble vitamins and found marked anemia in the second gener- 
ation. Frank'28 recently reported a decrease of 25% in the red 
cell counts of rats fed a diet deficient in vitamins A and D and con- 
sisting of oats 40, extracted casein 5, dextrin 52.5, NaCl 1, and CaCOs 
1.5. It is possibly also a little low in the Autamin B complex. The 
blood was obtained by heart puncture. Mouriquand and his co- 
workers'^® also report anemia in vitamin A deficiency. 

"Wliether the white blood count is altered in vitamin A deficiency is 
still an open question. At least three authors"®- have reported 
no change. On the other hand. Falconer'®^ found a rise of about 20% 
and Turner and Loew'®' noted that from the stage of moderate xeroph- 
thalmia on, there Avas a progressiA-^e and marked rise in the Avhite blood 
count. One Avould associate this with the frequent epithelial infections. 
Frank,'®®. hoAvever, states that the leukocyte count is decreased in 
A deficient rats. Children Avith xerophthalmia on the contrary had a 
much increased Avhite blood count, which Avas reduced about 50% 
after a short time on a high vitamin A diet. Several authors'®®- '®®- '®' 
have noted that the per cent of neutrophils increases, with a corre- 
sponding decrease in the lymphocytes. One of these inA'-estigators,'®' 
hoAvever, found that this did not ahvays occur, CA-^en in advanced 
deficiency. Crimm and Short"® have recently made the interesting 
observation that the percentage of senile granulocytic cells is increased. 
Apparently then a lack of Autamin A inhibits the formation of these 
cells. If Autamin A Avere giA^en to one of these deficiently fed animals, 
there Avas marked increase in younger cells. 

There is also considerable A'^ariation as regards the platelet counts. 
Kugelmass'®® and Frank'®® found them unchanged. Falconer'®' and 
also Bedson and Zih^a'®® found a reduction of about 20%, which the 
latter authors did not consider specific. In the earlier AAmrk, Cramer 
and his associates'®® found a marked thrombopenia, AA’’hich they thought 
Avas caused by the platelets adhering to bacteria which were frequently 
present in the blood stream. Later inA^estigators rarely Avere able to 
culture bacteria from the blood.'®' 

Falconer'®' found no definite change in the hemoglobin, Avhereas 
Frank'®® reported a decrease of 27%. Falconer'®' also stated that the 
blood A'olume AA^as reduced. 

In rats, Kugelmass'®® found the fibrinogen content of the blood 
markedly loAA'ered and the bleeding time prolonged. In similar animals 
Frank'®® found the fibrin content much reduced, the clotting time 
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increased, and the bleeding time at least doubled. He thought that 
these alterations were due to degenerative processes in the liver. In 
2 infants suffering from xerophthalmia he found that the bleeding time 
was not increased although the plasma fibrin was down considerably. 
Simola'®'* noted a much increased clotting time and much reduced 
lipase content in the livers of A-avitaminotic guinea pigs. 

According to Binet and Strumza'*® the recovery of dogs from anemia 
due to^ bleeding is much helped by carotene per os. No vitamin A is 
found In the red blood corpuscles of the dog, but only in the plasma. 

Teeth. Smith and Lantz^®® investigated the gross changes occurring 
in the incisor teeth of rats fed vitamin A free diets. At about the time 
that growth ceased and early signs of eye infection occurred, the teeth 
gradually lost their normal orange pigment and luster. They became 
short and blunt, and at death were found to be very friable. Measure- 
ments' showed that the tooth growth was markedly retarded, in fact 
almost inhibited completely as death from vitamin A deficiency 
approached. If cod liver oil was given to the vitamin A depleted rats 
which had shown the above changes, the teeth grew normally again 
and regained their normal appearance and hardness. These authors 
also determined the percentage of ash, caleium and phosphorus in 
these teeth and those of controls fed the diet plus cod liver oil. The 
teeth of the rats fed the deficient diet contained 2% less ash, 4.4% 
more calcium and 0.8% less phosphorus, and it is suggested that less 
calcium was deposited with the phosphate radical and a larger propor- 
tion as the carbonate or in some other combination, which possibly 
explained the increased friability. Wolbach and Howe’®’ noted the 
same changes, but thought that the loss of the normal orange pigmen- 
tation and the acquisition of the chalky white appearance were due to 
the loss of the enamel which is pigmented, and to a change in the com- 
position of the dentine. Gudjonsson'*® had previously found the teeth 
of A deficient rats more friable than those of normal animals. 

Shibata,’®® in an article that was apparently poorly translated into 
English, described in 1931 the appearance of the teeth of albino rats 
fed such deficient diets. They showed abnormal formation of the 
enamel, dentine and cementum, and atrophy and abnormality in the 
enamel organ, dental pulp and root membrane tissue. The incisors 
were erupted late and there was increased cornification of the epithelium 
of the gums. Simola’®^ found marked histologic changes in the teeth, 
particularly in the odontoblasts and pulp tissue. 

In 1933 Wolbach and Howe’®’ published an excellent account of the 
changes produced in the incisors of rats and guinea pigs by diets defi- 
cient in vitamin A. The first changes appeared in the enamel organ, 
which is just outside the enamel and mostly on the labial side. It 
consists normally of an inner layer of higher columnar ameloblasts and 
outside this are small epithelial papillre separated by vascular connec- 
tive tissue. The papilla: first atrophj' and the connective tissue becomes 
less vascular. The ameloblasts become smaller, then granular and 
finally disappear, and are replaced by t^vo rows of fiat cells, probably 
arising from the stratum intermedium. In very late stages of the 
deficiency these develop numerous layers of flat cells and may be 
keratinized. Deposits of calcium commonly appear in the connective 
tissue between the papillm in the late stages in the guinea pig, but are 
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quite rare in the rat. These later take on the appearance of bone in 
the guinea pig. 

At the same time as these changes are occurring in the enamel organ, 
the odontoblasts, which form the inner layer of the dentine, show 
atrophy. In the rat the odontoblasts on the labial side survive much 
longer than on the other sides, and as a result the dentine on this side 
is very much thicker than elsewhere. In the guinea pig, all the odonto- 
blasts atrophy at the same rate. In the rat, when the atrophy is com- 
plete, the inner surface of the dentine is bounded by cells undistinguish- 
able from the rest of the pulp cells. In the depths of the pulp small 
areas of osteoid tissue are frequently found in the late stages of the 
ileficiency. Sometimes small glandlike clusters of ameloblasts are 
found within folds of thin dentine. These ameloblasts and also odonto- 
blasts that have lost their polarity, probably because the normal amelo- 
blasts have atrophied, form deposits of dentine-like material. 

In the guinea pig the changes were similar except that the odonto- 
blasts did not completely atrophy, spicules of dentine grew into the 
pulp, and the cementum which resembled bone was thicker and showed 
small outgrowths at intervals on its outer surface. 

From the study of the teeth of adolescent children who were blind 
as the result of xerophthalmia in infancy, Bloch®® concluded that 
vitamin A had no effect on dental cai-ies or formation. 

Previous mention (see p. 413) has been made of the ehanges which 
M. Mellanby found occurring at the gingival margins. In addition, 
she found that the epithelial attachment to the poorly calcified enamel 
is often less perfect. It normally occurs at the amelo-cement junction, 
but tends to extend rootwards in animals fed diets low in vitamin A. 
Also the connective tissue of the ligaments may be less well defined. 

Recently M. Mellanby and King®® have reported that in the teeth 
of puppies fed diets deficient only in vitamin A, the enamel is abnormal 
in color and texture, but no definite changes were seen in its minute 
structure. 

At least three reports®^- have been published on the changes in 
bone as tire result of deficiency of vitamin A. Probably, as these authors 
state, the changes are non-specific and are due to inactive osteogenesis, 
whieh would be expected from the stationary or declining weight and 
arrested growth. 

Other Tissue Changes. Several authors^’ ®^ have noted that the fat . 
disappears from adipose tissue, even when non-vitamin A containing 
fat is present in the diet. In the rat,’ clinical signs and microscopic 
changes do not occur until the bulk of the stored fat has disappeared. 
Guinea pigs,®^ on the other hand, showed advanced epithelial changes 
when eonsiderable fat was still present. 

No mention has been made of the changes occurring in the eye as 
they have been thoroughly described by numerous authors.®®’ ®®’ 

Discussion. It is possible that vitamin A with its 5 unsaturated 
bonds may play an important role in the maintenance of a favorable 
oxidation-reduction potential within the body cells. Joyet-Lavergne^'^ 
has shown that either oxidation or reduction reactions can occur on 
the surfaces of the mitochondria or nucleolus. He maintained con- 
ditions as nearly normal as possible and let substances which changed 
color with oxidation or reduction penetrate into the living cells, which 
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he was meanwhile observing under the microscope. In a later study 
he used an antimony trichlorid solution.^'*® A blue reaction (very 
probably due to vitamin A) was consistently seen on the mitochondria 
of a great variety of animal and plant cells. The intensity of the blue 
color varied in different cells, being very intense on the mitochondria 
of hepatic cells and very weak in the salivary gland cells of a species 
of insects. If a nucleolus was present it became blue also. In the livers 
of sea fish, lumps of pale blue were also seen in the cell cytoplasm, often 
in^ contact with the mitochondria, and the author suspects that the 
mitochondria convert other materials into vitamin A which is stored 
as a reserve in the liver cytoplasm. The vitamin A in the mitochondria 
could be responsible for the oxidation occurring in the solutions used 
in the earlier experiments. No detailed description of the author’s 
method was given in these articles. If -these findings can be confirmed 
they will be of great interest. 

Oppenlieimer^^^ suggests that vitamin A or carotene acts as an oxi- 
dation catalyst by taking up oxygen at its numerous double bonds 
and then giving it up again to the substance to be oxidized. Franke^'*^ 
showed that the power of oleic and linoleic acid to take up oxygen was 
doubled by the presence of carotene, w^hich lost its color in the process. 
Vitamin A, and other carotinoids w'hich could not replace vitamin A 
in the animal’s diet however, had the same property. 

Summary. 1. It is well known that a deficiency of ^dtamin A causes 
columnar and other types of epithelium to be replaced by squamous 
keratinized'epithelium. 

2. In young animals fed vitamin A free diets, it has frequently been 
shoivn that the fibers, especially those in afferent tracts or nerves, show 
degeneration of the myelin sheaths. The nerve cells of these fibers also 
frequently show degenerative changes. It seems quite possible that 
these changes in the sensory nerves may be responsible for the epithelial 
metaplasia. 

3. It appears that in light adapted eyes vitamin A, but no retinen, 
a component of visual purple, is present; in dark adapted, retinen is 
present, but only a trace of vitamin A. In intact eyes, visual purple 
is regenerated from vitamin A, some of which is lost in the process. 

4. In human beings, several authors have described papular erup- 
tions due to the plugging of hair follicles with comified material, with 
, atrophy of the sebaceous and sweat glands. This is often associated 
with other evidences of vitamin A deficiency. 

5. Hyperkeratotic changes associated with either ulcers or papillo- 
mata have been found by at least six investigators in the squamous 
celled fore-stomach of rats. Inflammatory changes in the cecum 
and elsewhere in the intestine may possibly be caused by this deficiency. 

6. In the chicken, degenerative changes in the kidney epithelium 
associated with the deposition of urates in the tubules have been found. 
A prolonged deficiency of vitamin A frequently leads to the formation 
of urinary stones. If the Ca/P ratio in the diet is abnormal, the incidence 
of calculosis increases. 

7. A tjqrical series of changes occurs in the male germinal epithelium, 
finally leading to the cessation of a spermatogenesis. 

8. In the female, the cells in the vaginal smears which are normally 
found at the various stages of the estrus cycle are replaced continuously 
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or almost continuously by cornified cells. This is apparently not asso- 
ciated with changes in the ovary. 

9. According to recent work, the spleen in early vitamin A deficiency 
shows a decrease in its small lymphocytes and an increase in the phago- 
eytie cells, larger lymphocytes and histiocytes. Later there is marked 
atrophy, although the germinal center still shows active phagocytosis. 
The absorption of trypan-blue is markedly reduced. Other evidence 
suggests a reduced efficiency of the reticulo-endothelial system. 

10. Except in the very early stages, the cytoplasm of the liver cells 
contains vacuoles of fat and the nuclei show degeneration. Similar 
changes, with that of swelling in addition, were regularly seen early 
in the Kupffer cells. These findings need further confirmation. 

11. It is likely that there is a relative decrease in the lymphocytes 
and a reduced fibrin content in the blood. 

12. In the teeth, marked changes including atrophy of ameloblasts 
and odontoblasts and the appearance of osteoid tissue in the pulp 
occm’red. 

Elizabeth Chant Robertson, M.D. 
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CHANGING CONCEPTIONS OF THE PREVENTION OF ACUTE 
ANTERIOR POLIOMYELITIS. 

Mode of Transmission. — Regarding conditions of transmission, cer- 
tain facts seem to have been well established by experimental studies 
and epidemiologic observations. The disease is caused by a filterable 
virus which enters through the nose, and leaves through the nose or 
respiratory tract. Transmission is effected through the respiratory 
route by person-to-person contact, and the contact required is of the 
same order as that which is effective in other respiratory-bome virus 
diseases such as influenza, measles, chickenpox. The individual who 
is exposed to the virus, depending upon the amount of resistance devel- 
oped, may harbor the virus temporarily (a) without symptoms— a 
“carrier” state; (b) with a mild illness and symptoms of indefinite 
character — Frost’s "possible abortive” cases; (c) with symptoms suffi- 
ciently developed to be characteristic and recognizable by those familiar 
with the s;(Tidrome, although the spinal fluid may be normal— Frost's 
“probable abortive;” (d) with characteristic clinical course and positive 
spinal fluid findings, but without the occmrence of demonstrable 
paralysis— “frank abortive” or “non-paralytic” poliomj'elitis; (c) 
with characteristic clinical course, positive spinal fluid findings, and 
any degree of paralysis from a transient muscle weakness to a total 
ascending paralysis of the Landry tjqje— the typical -paralytic polio- 
myelitis. These classifications are not mutually exclusive and merge 
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into each other.* Because of the loidely varying symptomatology and the 
lack of a dependable objective test, it is at present impossible to set up a 
satisfactory criterion of diagnosis that will inchide all cases of this disease. 

The ratio of carriers, mild and, missed abortive cases in comparison with 
recognized abortive and paralytic cases is still a matter of speculation 
rather than of exact statement. Evidence already at hand is sufficient 
to indicate that although this ratio may be variable in different epi- 
demics, in different geographic areas, and even in different seasons, 
the former far out-number the latter.* 

Prevalence. — If it be accepted that these facts have been established, 
then it follows logically that: 

1, Attempts to measure prevalence by means of morbidity reports 
are subject to a considerable error variable with the recognition of the 
milder forms of the disease. This can be partially overcome by separate 
rates based upon paralytic cases alone. 

2, Attempts to measure the mildness of the disease in a given place 
and time by means of the ratio betv^een reported “paralyzed” and 
reported “ non-paralyzed ” cases is in like manner subject to an impon- 
derable error. 

3, Attempts to measure the severity of the disease in a given time 
and place by means of official case fatality rates are, for the same reason, 
unreliable because of the variable number of abortive and non-paralyzed 
cases included in the “ total cases. ” 

Careful epidemiologic field studies with definitions and methods 
stated •as clearly as possible are necessary to obtain relatively depend- 
able information. These observations must be kept in mind in reading 
official reports of recent outbreaks of the disease.®-® 

Variability. — Even when due allowance is made for the errors men- 
tioned above, there is considerable evidence to indicate that the mani- 
festations of the virus vary in different areas, epidemics and times as 
Wickman pointed out some years ago. In parts of the United States 
it would’ appear that the disease has become clinically more apparent 
than formerly, that its symptomatology is not altogether constant, that 
in the past few years it has been somewhat less fatal in proportion to 
those frankly attacked than formerly,®-® that it is tending to shift its 
incidence toward higher age groups,®'*®-*® and that it may become highly 
infective even for adult gi’oups.® It is also notable that recent epidemics 
have originated in areas of the southern part of the United States which 
hitherto have been largely free from such experiences. 

Isolation and Quarantine.-^If it be accepted that the conditions of 
transmission are essentially as outlined, then it also follows logically 
that the spread of the disease in human populations cannot be effec- 
tively limited by the isolation of recognized cases and their immediate 
contacts, no matter how rigid the restrictions imposed may be. This 
does not imply that such procedm-e should be abandoned nor that it 
does not in some degree restrict the spread of the disease to the immedi- 
ate environment of a knovTi case. It suffers from the same inadequacies 

* Paul, Salinger and Trask' suggest that (6) and (c) be grouped together on the 
basis of suggestive sjuaptomatology and negative spinal fluid findings, and that (<f) 
be included with (c) as frank poliomyelitis. The practical objection to this proposal 
is that spinal fluid findings do not necessarily parallel clinical severity and lumbar 
puncture is not always an available or permissible procedure. 
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as does isolation and quarantine in the other respiratory-borne virus 
diseases, that is, the case is infectious for some days before the diagnosis 
is made, and unrecognized cases and carriers can spread the disease 
just as effectively as can Imonm cases. 

It seems then that exposure to the virus is probably inevitable for 
everyone sooner or later, just as it is with the virus of such diseases as 
naeasles, mumps and- chickenpox. The preventive effort must be 
directed primarily not toward reduction in spread, hut to decrease the inci- 
dence of clinical attacks with the concomitant risks. Fortimately in 
poliomyelitis the natural resistance of the vast majority of human beings 
to infection is sufficiently great to achieve immunity without pienalty. In 
only one or two out of each thousand population exposed does the 
defense mechanism fail to the extent that paralysis results from the 
infection, and in only about one out of each five to ten thousand popula- 
tion or more is the paratysis fatal. It would seem that with only a 
little improvement the natural defense mechanism could be made 
adequate for a still greater proportion of individuals. 

Efforts to accomplish this result have proceeded along three lines, 
namely, 1, temporary passive immunity conferred by convalescent 
serum, 2, active immunization by vaccination with attenuated or killed 
virus; 3, improvement in the defense barrier at the point of entrance 
in the nose by nonspecific means. A discussion of the present status of 
each of these procedures ndll be clarified if first a brief r&ume be given 
of the present conception of the pathogenesis of the disease. For a 
complete review the articles by Fairbrother and Hurst,'® Schultz,'^ and 
Faber'® should be consulted. 

Pathogenesis. — The virus is neurotropic. It grows in nerve cells and 
propagates along their axones. The site of implantation and initial 
multiplication is the nasal mucosa, and very largely, if not entirely, the 
olfactory epithelium high in the nose lining in the superior meatus and 
the corresponding part of the nasal septum.* This the virus must reach 
in order to establish an infective contact. 

Having gained a foothold in the olfactory epithelium and estab- 
lished initial growth, it propagates bj"^ way of the axones to the olfactory 
bulb. From the bulb it makes its wmy along the olfactory tracts to the 
hypothalamus. As it progresses it dies out in areas pre\'iously infected. 
It is unable to reach the cerebral hemispheres or the cerebellum in quan- 
tities sufficient to be demonstrable. It finds a better opportunity to 
surmve proeeeding toward the brain stem and spinal cord. It makes 
its way from above dovmward'® and may be demonstrated at successive 

* This does not preclude the possibility that the virus may enter by other pathways, 
but the evidence strongly supports the idea that it is the natural and usual portal 
of entry. It seems quite unlikely that it can become implanted upon the intact 
mucous membrane of the gastro-intestinal tract and make effective contact into the 
nerve supply unless local injury predisposes the area.^.u Bulbar paralysis in cases 
of poliomyelitis following tonsillectomy may be explained as due to effective^ contact 
of the -idrus with nerve endings in the injured tissue. In this connection it is interest- 
ing to note (Leake*) that in oases of poliomyelitis following the use of the Kolmer’s 
vaccine in each instance in which the site of the injection and the site of the fet 
paralysis is known, the latter occurred either in the limb injected or in the correspond- 
ing limb of the other side. In other words, the cells of the spinal cord ffist mvolv-ed 
were at the same level as the injection, suggesting that the virus traveled duecUy 
by way of the nerves which supplied the area into which the injection was made. 



HYGIENE AND PUBLIC HEALTH 


439 


levels in the anterior and posterior horns and even in the intervertebral 
ganglia. 

It shows a particular affinity for the anterior horn cells upon which 
it exerts its maximum toxic effect. The perivascular cuffing of the small 
bloodvessels follows. The systemic invasion suggested by lymphatic 
hyperplasia is a secondary phenomenon due to the peripheral distribu- 
tion of the virus out from the central nervous system probably along 
nerve pathways. 

Although this conception of the pathogenesis of the disease rests 
largely upon observations made upon monkeys, it is consistent with 
knowledge derived from the study of other virus diseases and with the 
clinical, pathologic and epidemiologic manifestations of poliomyelitis 
in human beings. 

Convalescent Serum. — The earliest attempts to prevent or check the 
progress of paralysis in human cases involved the therapeutic use of 
convalescent serum. It was based upon the observation that such 
serum, and indeed the serum from a considerable percentage of the adult 
population who have, to their knowledge, not had poliomyelitis, is' 
capable of neutralizing the virus in vitro. Since at this time it was held 
that the virus gained access to the central nervous system through the 
blood stream and spinal fluid, with localization in the meninges, it was 
reasoned that if the serum were introduced sufficiently early in the 
course of the disease it would exert a protective effect. Flexner and 
Lewis, 1910, and Flexner and Amoss,20 1914-1917, reported that if the 
intracerebral injection of a monkey is sufficiently small in dosage and 
followed within 24 hours by convalescent serum intraspinally (2 cc.) 
one may in some instances prevent the development of symptoms. 

Upon the basis of this very limited theoretic and experimental back- 
ground, the use of convalescent or adult sermn was advocated in the 
treatment of human cases and received extensive clinical trial. Injec- 
tions of 10 to 20 cc. were usually made intrathecally at the time 
of the diagnostic lumbar ptmcture, frequently supplemented by addi- 
tional amounts given intravenously and subcutaneously. It was 
evident that if the disabling sequelae were to be prevented or amelior- 
ated the treatment must be applied before nerve-cell destruction had 
taken place. Proponents of its use therefore advised that it be restricted 
to those cases in which it could be given in the preparalytic stage. 

From a careful review of the results in a large series of cases treated 
by this procedm-e, Aycock and his collaborators in the Harvard Infantile 
Paralysis Commission (1928-1929)^^ confirmed the opinion expressed 
by many others on the basis of more limited clinical trial, that the 
amount of paralysis and mortality was significantly lower in the treated 
in comparison with untreated cases. It later appeared, however, that 
this difference was due to the fact that the treated cases were a specially 
selected group of preparalytic cases while the untreated were not. 
I^^len the tsvo groups were made as nearly alike as possible Kramer, 
Aycock, Solomon and Thenebe^^ and Park^^ foimd that the statistical 
advantage in favor of the treated group disappeared. 

Schultz and Gebhardff^ have recently reinvestigated the therapeutic 
value of specific immune serum in experimental pohomyelitis in the 
light of recent studies which indicate that from the very beginning of 
the infection the virus is intimately associated vdth neurones and that 
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once it is established in the nervous system it is propagated largely if 
not entirely along axonal routes. As a result of a series of carefully 
controlled experiments on monkeys they conclude that a highly potent 
virucidal (specific immune horse and convalescent monkey) serum in- 
jected by various routes one or more days after inoculation of the virus 
is 'without demonstrable value in the treatment of experimental polio- 
myelitis. 

Evidence derived from both clinical and experimental trial therefore 
failed to establish the value- of this procedure. It remained to ascertain 
whether it was possible to confer some degree of temporary passive 
immunity and protection upon human beings by the injection of con- 
A^alescent serum before exposure, that is, prophylactically. 

Opportunity was afforded by the unusual outbreak which occurred 
among the personnel of the Los Angeles County Hospital in 1934. 
Kessel, Hoyt and Fisk^ gave prophylactic injections of convalescent 
and normal adult pooled serum to 892 employees and subsequently 
followed tlreir attack rate in comparison with that of 3094 employees in 
the same institution who received lio serum. Briefly stated there was 
no evidence to indicate that any protection was afforded. In fact the 
percentage attacked was higher among those who received the serum 
than among those who did not, due probably to the inclusion in the 
former group of a higher proportion of specially exposed persons. 

Schultz and Gebhafdt^^ investigated the question with monkeys. 
They administered immune (virucidal) serum of high potency by 
various methods and in varying dosage from a few hours to 2 or 3 days 
before the animal was experimentally infected. The results indicated 
that immune serum is far from being a dependable prophylactic agent. 
The authors cautiously conclude that a liberal amount of high titer 
immune serum may protect animals against small doses of virus by 
diminishing the amount on the olfactory mucous membrane free to 
initiate infection. Once infected, the serum-treated animals generally 
develop as extensive paralysis as do controls, indicating that once the 
■virus becomes established in neurones it can no longer be effectively 
reached by the virus-neutralizing antibodies. 

In view of this evidence it is clear that convalescent or immune 
serum, even when prophylactically administered cannot be relied upon to 
confer even a temporary protection against infection. 

The Polibcidal Substance in Human Serum. — These and similar ob- 
servations have brought to the fore the question of the nature and 
function of the virus-neutralizing substances. It is well established 
that they appear or are increased in the blood of indi'^dduals who have 
passed through an attack of the disease, in the blood of monkeys sur- 
viving experimental poliomyelitis and of monkeys vaccinated witli 
vh-us emulsions, living or killed. It is also true that they appear in the 
blood of adults who give no history of a previous attack of the disease. 
Jungeblut-® has suggested that while they may result from contact with 
the specific antigens, they may also be of heterophil nature, arising from 
experience with other antigens. Be iFat as it may, their presence m 
serum is not sjmoniunous with immunity. 

Schultz and Gebhardt-^ and others have demonstrated that monkeys 
immunized Avith virus emulsions and showing as a result virucidal prop- 
erties in their serum can be readily infected by the experimental method. 
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The defense mechanism apparently depends primarily upon neuron 
susceptibility. True acquired active immunity requires some modifying 
action which results from active neural infection. This modification 
need not be associated with demonstrable vhucidal antibodies in the 
blood. Such humoral antibodies as maj'^ make their appearance in 
naturally acquired active immimity may result from chance contact of 
virus with extraneural tissue and may therefore be entirely adventitious 
so far as true immunity is concerned. This would offer an additional 
explanation for the failure to prevent infection by the prophylactic in- 
jection of immune serum. 

Active Immunity. — With the failure of the use of immune serum to 
prevent or protect, attention has been focussed on the possibility of 
increasing resistance through the use of a vaccine. A considerable body 
of loiowledge relating to active immunity to the virus of poliomyelitis 
has grown up since the condition was first described in 1910. It was 
reviewed by Flexner in 1932.28 Hope was kindled that a safe and 
effective method had been discovered by the independent publications 
of Brodie, and of Kolmer in 1935. These authors on the basis of rather 
limited observations on monkeys decided that they were justified in 
giving their respective methods a trial in human beings. 

Brodie23 used an emulsion of monkey-cord virus, treated with formalin 
the minimum amount of time necessary to render it non-infective for 
monkeys, ^^filether this treatment simply reduced the dose or modified 
the still living virus or whether it was no longer living could not be 
determined. Monkeys and children, injected subcutaneously with this 
material developed or showed an increase in neutralizing antibodies in 
their blood serum. As has since been pointed out, the demonstration 
of such substances in blood serum is not necessarily synonymous with 
neural immunity. Olitsky^® and Schultz®^ independently found that 
monkeys vaccinated mth this material and showing neutralizing anti- 
bodies in their blood serum were still susceptible to experimental infec- 
tion by the intracerebral route. 

A careful field trial of Brodie’s vaccine was undertaken by the United 
States Public Health Service. Attempt was made to set up the test 
under carefully controlled conditions. Gilliam and Onstott^” were 
rmsuccessful in securing a sufficiently large experience to permit definite 
conclusions regarding the protective value of the procedure. They 
calculated that in an area where the control group were spared from 
epidemic prevalence, as were the children in the location in North Caro- 
lina and Virginia where this study was conducted, 7500 vaccinated 
children together with 7500 controls would have been necessary to 
show conclusively the value of a perfect vaccine against poliomyelitis. 
They were able to show, hoVever, that Brodie’s vaccine was relatively 
harmless, although they encountered a few very disturbing reactions. 

Kolmer^^ used a 4% “remote” monkey passage virus treated with 
1% sterile solution of sodium ricinoleate. He believed that through 
prolonged passage in monkeys his strain of \arus had undergone some 
reduction in virulence for man, although he was unable to prove the 
point. He believed that it was further attenuated by the chemical 
treatment with sodium ricinoleate. Although he could infect monkeys 
by the intracerebral inoculation of 0.3 cc. of the vaccine, he failed in 
42 attempts to infect monkeys by the subcutaneous injection of 0.5 cc. 
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per kiloj wliereas in a series of 20 attempts with similar doses of fresh 
untreated virus paralysis, developed in 1. He interpreted his experi- 
ments as indicating that the effect of sodium ricinoleate and later of the 
added preservative phenyl-mercuri-nitrate was one of devitalization 
or attenuation. The vaccine contained, nevertheless, living rirus. 

Follomng preliminary observation on 473 indiriduals to whom this 
Hiaterial was given in Philadelphia, amounts totalling 22,022 cc. were 
distributed through 719 physicians for immunization of over 12,000 
indmduals. No attempt was made to measure the degree of protection 
afforded under natural conditions of exposure by comparison of carefully 
balanced test and control groups. Poliomyelitis developed in 10 indi- 
viduals who had received 1 or 2 doses. Five of these were fatal. Kol- 
meri^ thought that some but not all of these were directly attributable 
to infection from the live virus in the vaccine. 

Rivers®^ pointed out that Kolmer’s experiments failed to prove that 
the virus contained in the vaccine emulsion had been decreased in 
infectivity any more than could be accounted for by dilution and the 
subcutaneous route of administration. Both he and Leake®^ presented 
comnncing evidence that the cases of paralj^sis following the use of 
IColmer’s vaccine were in fact due to the inoculated living virus and not 
to coincident natural exposure. The method was therefore condemned 
as unsafe. 

So far it has been impossible experimentally to confer immunity 
upon monkeys without giving them a clinical attack of the disease with 
its attendant risks. "VSTiether the human species differs in this regard is 
yet to be ascertained. Epidemiologic data are interpreted as indicating 
that a vast majority of human beings are immunized by a subclinical 
attack. '\^9iether| the ingenuity of experimental investigators will be 
sufficiently great to develop a method which will imitate nature in this 
regard, and hold no risk of permanent neural damage, remains to be seen. 
In the meantime attention has been directed to a less dangerous proced- 
ure involving an effort to strengthen the barrier at the portal of entry. 

Protective Effect of Intranasally Instilled Chemicals.— Armstrong 
and Harrison®^ found that if monkeys were treated by intranasal irriga- 
tion vuth 4% alum solution they offered a high degree of resistance 
against subsequent intranasal instillation of virus emulsion. Their 
observations were confirmed by Sabin, Olitsky and Cox^ who add that 
protection is also afforded by 4% tannic acid. Schultz and GebhardP® 
obtained similar results w'ith picric acid, p-nitrophenol, trinitrolcresol 
and mercurochrome. The duration of this nonspecific protection is 
variable but can be maintained for some time if the treatments are 
repeated. In a later communication Armstrong and Harrison®^ con- 
firmed and extended their earlier observations to include the effect of 
intranasal instillations of a considerable number of chemical solutions 
upon infection of mice with encephalitis virus and upon infection of 
monkeys with poliomyelitis. They found that intranasally instilled 
chemicals effective in the former were also effective in the latter. This 
facilitates further study of this question by the use of experimental 
encephalitis in mice. Picric acid, 0.32% to 0.64%, either alone or 
combined with alum, was found superior to 4% alum and the most 
satisfactory and efficient agent so far tried. The protective effect from 
spraying the nose of monkeys v-ith this chemical solution was apparent 
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against intranasally inoculated poliomyelitis for at least 4 to 7 days 
following its last administration. It is. believed that it exerts its pro- 
tective effect locally either by rendering the mucous membranes less 
permeable to infection or possibly by direct action on the virus, or both. 

In his most recent communication Armstrong^® followed the ingenious 
experiment of Lennette and Hudson®® in which they sectioned the olfac- 
tory tract of 5 monkeys and then inoculated them intravenously together 
with 5 intact controls. Four of the 5 controls succumbed to poliomye- 
litis, while the 5 animals whose olfactory tracts were sectioned remained 
well. In similar manner Armstrong gave ■ intranasal instillations of 
1.5 cc. of 0.32% picric acid in saline into each nostril of 9 monkeys. 
These 9 prepared and 9 nontreated control monkeys were then inocu- 
lated intravenously with poliomyelitis virus-. Among the picric-acid- 
prepared animals there were 2 deatlis due to poliomyelitis, while among 
the nine controls there were 6 deaths from poliomyelitis. The experi- 
ment was interpreted as indicating that picric acid instilled into the 
nostrils tends to protect monkeys even against intravenous inoculations 
and to confirm the conclusions of Lennette and Hudson regarding the 
importance of the nasal membranes and olfactory tract as a portal of 
entry. 

As far as present information goes, the instillation of such a solution 
of picric acid into the nostrils of a human being is a harmless procedure. 
Whether it will afford the protection which is evident in monkeys 
remains to be determined — and incidentally is a much more difficult 
matter to prove. Even though the protection afforded be partial and 
temporary, it gives hope of at least reducing the number who suffer 
from elinical attacks of the disease during periods of unusual (epidemic) 
exposure. 

Kenneth F. Maxcy, M.D. 
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PURPURA HEMORRHAGICA WITH LYMPHOCYTOSIS; AN 
ACUTE TYPE AND AN INTERMITTENT 
MENSTRUAL TYPE. 

By George R. Minot, M.D., 

rnOPESSOR of medicine, harvard university; director thorndike memorial 
laboratory; visiting physician, boston city hospital, boston, mass. 

(From the Thorndike Memorial Laboratory, Second and Fourth Medical Services 
(Harvard), Boston City Hospital, and the Department of Medicine, 
Harvard Medical School.) 

The occurrence of thrombopenic purpura associated with a 
normal or increased number of white blood cells, the majority of 
which are other than neutrophils, suggests the diagnosis of leukemia. 
In idiopathic purpura hemorrhagica the neutrophils usually form 
over 50% of the white blood cells. The absence of leukopenia 
would practically rule out one or another form of aplastic or 
aregenerative anemia or “malignant” neutropenia. If anemia js 
absent, or present onlj’’ in proportion to the amount of blood lost, 
it would make the diagnosis of leukemia unlikely, because in this 
disease pronounced thrombopenia and hemorrhage seldom occur 
except relatively late Avhen there is a considerable degree of anemia. 
If then, upon studjdng the white blood cells, it is decided that the 
majority are atypical lymphocytes with none or very few grossly 
immature cells, one might wonder if the patient had infectious 
mononucleosis. In that condition, however, purpura with decreased 
blood platelets is very rare. Tidy^ located only 5 qases recorded 
in the literature Avith purpura, and at least 2 were probably not 
examples of infectious mononucleosis. 
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It was this general state of affairs that was presented particularly 
by the first 3 acute cases I shall describe. The strilcing feature of 
the second 3 cases was the occurrence of intermittent purpura 
heruorrhagica associated with menstruation. In these latter cases 
there occurred a temporary increase of lymphocytes so that during 
the period of elevation the cases simulated somewhat the acute 
cases. All .6 cases terminated favorablju 



Fig. 1. — Case 1. Acute purpura hemorrhagica with lymphocytosis. 


Acute Purpura Hemorrhagica With Lymphocsttosis. Fig. 1 records 
the significant data concerning the lymphocytes and blood platelets 
in 1 acute case (Case 1) that are also tj^iical for .2 others. 

The cells recorded as atypical lymphocytes were similar in the 
3 cases. All large lymphocytes, many of which were somewhat 
atypical, have been included with the atypical lymphocytes. The 
ceils resemble the type seen in infectious mononucleosis. Inter- 
mediate sized cells predominated. Irregular shaped cells, lobed 
and double nuclei, abnormally deeply staining nuclei, abundant 
cytoplasm with atypical granules, and a considerable variation in 
the size of cells and nuclei were features. At times many cells 
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seemed distinctly young and occasionally one suggested a lympho- 
blast. Very bizarre cells were relativel.y rare. The cells in Case 2 
were probably more atypical than in Cases 1 and 3, but in each 
instance the cell character Avas sufficiently peculiar to cause consid- 
erable anxiety as to whether leukemia existed or not. 

In each case the monocytes were within normal limits. Baso- 
phils were absent or very rare. ' Eosinophils were present, usually 
1 to 2% of the white blood cells. There was perhaps a tendency 
for them to be slightly more frequent when the platelets were low 
than after bleeding ceased; for example, in Case 1 they were 2.5 to 
5% during the former period and not over 2.5% later on. Among 
the neutrophils young forms Avere present. The absolute ntnnber 
of neutrophils AA^as neA^er markedly reduced but tended to be slightly 
beloAv normal Avhen the lymphocytes were at or near the peak of 
their rise. The AAdiite cell counts A'^aried from 6000 to 16,000 per 
c.mm., being greatest at the height of the lymphocytosis. The red 
cells shoAved only the features associated AAutli rapid loss of blood; 
signs of active regeneration were present. Anemia did not, become 
marked and its degree is noted Avitli the synopsis of salient aspects 
of each case. 

Case Eeports. Case 1.— The patient Avas a man, aged 21, about 15 
pounds undeiAA’^eight for his height, Avho had had no serious illness. He 
Avas subject to “colds” and nasal catarrh; the latter Avas evident at the 
onset of bleeding. After feeling tired for a few days in April his gums 
bled and he noticed purpuric areas on his legs. Purpura rapidly appeared 
on many parts of his body, and bleeding from the gums and nose became 
marked. There was slight bleeding from the kidnej'^s and, Avith the develop- 
ment of abdominal pain, probably hemorrhage into the intestines. Four 
blood transfusions Avere given and no hemorrhagic manifestations devel- 
oped after the tAvelfth day. At the onset a feAv lymph nodes AA^ere palpable 
laterally on each side of the neck which, although smaller, remained palp- 
able a Aveek after the bleeding ceased. There AA'as no other enlargement of 
lymph nodes and the spleen could not be felt. During the period of 
bleeding, Avhen the platelets Avere very feAV and the lymphocytes increased 
(Fig. 1), the temperature varied from 98° to 100° F. The hemoglobin 
remained above 12 gm. per 100 cc. The Avhite cell count fluctuated betAA'een 
6000 and 12,000. As bleeding ceased, the platelets rose and lymphocytes 
fell. After about a month’s convalescence the patient felt and appeared 
perfectly Avell, and during the subsequent 2 j-^ears showed no signs of 
hemorrhagic disease. 

Case 2. — Case 2 Avas entirely similar to Case 1. I am indebted to 
Dr. J. S. LaAvrence for some of the data for this patient, who Avas a Avell- 
deA'eloped and no.urished man of 23. The chart of his bmiphocytes and 
platelets is almost identical to that for Case 1 (Fig. 1). During the period 
of bleeding AAdiich lasted 10 days, and when the platelets Avere essential^" 
absent and the lymphocytes eleA^ated, the AAdiite cell count A^aried from 
8000 to 15,500, and then for a month remained close to 10,000. 

The patient Avas in robust health until 15 daj’^s before purpura was first 
noticed, in September, AAdien he experienced a mild “ head cold ” which lasted 
4 days. He felt perfectly Avell during the week before purjiura began. There 
first appeared petechial on his legs. Within 24 hours purpura became 
extreme, extending essentially all oA'er the bod}', and bleeding from the gums 
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developed. There rapidly followed very pronounced loss of blood from the 
kidneys and intestinal tract, so that in the subsequent 10 days he was 
transfused 9 times, being given in tolo 4330 cc. of blood. Bleeding then 
ceased, never to return, _ as the platelets rose reaching 100,000 per c.mm. 
in a week. They remained at about this level for a month, and at the 
end of the next month were about 200,000. Some further increase to 
nonnal subsequently occurred. The hemoglobin remained close to normal, 
chiefly owing to the donors’ blood, in view of the marked amount of blood 
lost. A few slightly enlarged lymph nodes were at first detected in his 
neck but by the fifth day of bleeding they were considered normal. How-, 
ever, a. few moderately enlarged nodes then were palpable in the axiUce, 
but became normal in size within a week. The spleen was thought to be 
palpable on the first 2 days of the illness, but was never felt thereafter. 
The temperature remained usually normal and always within a degree of 
noimal except for three transient rises accountable for by transfusion. 
This young man has remained perfect well in the last 3J years and his 
blood has shown no abnormahty. 

Case 3.— A 10-year-oId, well-developed, slightly thin girl; she probably 
had very mild rheumatic fever at the age of 6 years, when her tonsils were 
remoA^ed. Having felt slightly tired for a month she suddenly developed, 
in October, an extensive number of purpuric lesions all over her body and 
severe bleeding from the nose, gums and kidneys. Transfusions of blood 
were given and no bleeding occurred after the twelfth day. On the third 
day of her iUness when the platelets were Aurtuallj’- absent, the white blood 
ceU count was 16,000 per c.mm., and the lymphocytes 74%, most of which 
were atypical. On the eighth day the Ijmphocytes were 64%; the white 
blood cells 14,000, and the platelets very low. The blood appeared normal 
3 weeks after bleeding ceased. The hemoglobin fell to 60% of normal 
before transfusion and remained over 80% thereafter. During the height 
of her illness the spleen was transiently palpable at the costal margin and 
a few lymph nodes were palpable in her axillte, neck and groins but none 
were larger than about 2 by 1 cm. The pharynx was slightly injected; 
thick, sticky mucus adhered to the mucous membrane; there was no dis- 
charge from her nose. The temperature remained below 100.3° F. The 
girl appeared normal during the folloAving year. 

In this case the sheep cell agglutinin test was negath'-e. It was not done 
on the blood of the other 2 patients. In none of these 3 patients was there 
a history of a recognized allergic manifestation or a history of significant 
contact vnth poisons or the taking of any drugs. 


Synopsis of a previousla' reported^ somewhat sianuAR case. 
An abnormally thin boy, aged 18, observed in 1921; for 2 months he had 
felt unusually tired and “out of sorts.” Then symptoms of anemia, in- 
cluding shortness of breath and palpitation of the heart, developed over 
a period of 2 weeks, when a moderate amount of purpura appeared with 
relatively mild bleeding from the gums and nose and persisted for some- 
what over a iveek. The spleen descended 5 cm. beloiv the costal margin, 
and Ijonph nodes ivere obidously enlarged in the- neck, axillre and 
groins. There was marked chronic tonsillitis. Fever Avas only sfight. 
On the fifth day of purpura the hemoglobin was “55 per cent,” the 
platelets about 25,000 per c.mm. and the white cell count 12,000, Av'ith 
81% lymphocytes nearly all of which were pathologic. Many lympno- 
CAdes AA’cre more abnormal and immature than in the 3 cases recorded q 
The platelets Avere normal within 2 weeks after the bleeding ceased. ic 
patient sloAvly improved, the tonsils Avere removed, and during the folloAA mg 
8 years he remained well. 
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Discussion. This case, although having much in common with 
the 3 preceding cases, differs from them in that anemia developed 
insidiously before purpura appeared, and the lymph nodes and 
spleen were very distinctly larger. The thrombopenic purpura 
lasted, however, about the same length of time. The onset with 
anemia does not suggest infectious mononucleosis, yet the white 
blood picture and enlarged lymphoid tissue is consistent with that 
disease, but the marked decrease of platelets is at least very atypical 
for the condition. Originally leukemia was suspected. In the 
other 3 cases the onset of illness was abrupt. The part played by 
the “head cold” which began 15 days before purpura appeared in 
Case 2 and by a possible upper respiratory tract infection in Cases 1 
and 3 is interesting to speculate upon. Did some allergic-like 
mechanism play a role? The Outstanding feature of each case 
was pronounced hemorrhage. The sudden onset of extensive pur- 
pura without anemia is at least verj'- rare in acute leukemia or in 
conditions causing infiltration of the bone marrow with abnormal 
tissue, and the lymphocytes were not of the type seen in acute 
leukemia. The course taken at first by the case reported before, 
with anemia at the onset of illness, simulated leukemia more closely. 
The lymphoid tissue was less swollen than in the average case of 
^infectious mononucleosis, being very slight in Cases 1 and 2 but 
distinctly more evident in the 10-year-old girl (Case 3). Fever 
was an inconspicuous feature, again unlike typical infectious mono- 
nucleosis, as is the negative sheep cell agglutinin test in Case 3. 
Usually in acute idiopathic purpura hemorrhagica the neutrophils 
are increased, so that the white cell picture of these cases is unlike 
what one expects in this condition. Shall we call these cases 
idiopathic purpura hemorrhagica with atypical lymphocyte reactions 
or atypical cases of infectious mononucleosis with pronounced 
thrombopenic purpura? Nosography, as Faber has pointed out, is 
but one means that aids our understanding. The cases illustrate, 
as do the 3 other cases about to be described, that severe alteration 
in the blood and serious symptoms can take place and yet recovery 
occur. I prefer to think of these cases as examples of purpura 
hemorrhagica with atypical white blood cell response, and this 
seems to be rather definitely so in the following 3 cases. 

Intermittent Menstrual Purpura Hemorrhagica Complicated With 
Temporary Increase of Lymphocytes. The outstanding feature 
of the next 3 cases to be described (Cases 4, 5 and 6) was the occur- 
rence of a rapid fall of the platelets to very low levels and the 
appearance of purpura in association with menstruation, followed 
by a quick rise of the platelets apd cessation of abnormal bleeding, 
only to have these events recur with the next menses. In the first 
2 cases close to the time of one menstrual period the lymphocytes 
increased and later on fell, and in the third case these cells increased 
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in association with 2 consecutive menstrual periods. Thus, the 
blood picture of these cases temporarily resembled that seen in the 
acute eases. 

The usual case of intermittent purpura hemorrhagica, which is 
rarer than the chronic continuous type, exliibits two or more attacks 
of hemorrhagic manifestations with periods of thrombopenia at 
irregular intervals of weeks, months or years. There also occur 
cases where the platelets remain considerably decreased for years, 
with bleeding appearing only at varying and less often regular 
intervals, when there is apt to be a further temporary drop in the 
platelets. Such cases have also been referred to as intermittent in 
type. In women with this condition, purpura and bleeding from 
mucosae may be prominent only at the time of the menstrual 
period. Sometimes excessive menstruation is so much more prom- 
inent than other bleeding that it appears as essential^" the only 
-hemorrhagic manifestation, and splenectomy may be the final 
procedure to give relief. Rarely in such cases lymphocytes, almost 
all normal in type, may reach 50%. The relationship of decrease 
of platelets with abnormal bleeding to menstruation appears to 
have received little attention. Leschke and Wittkower* present 
briefly most of the scant available information. Some investigators 
have maintained and others have denied that normally . there is 
some decrease of the platelets close to the onset of menstruation, 
with a quick rise as the normal blood loss produces a stimulus for 
more platelets. It is interesting to note that in Werlhof’s classic 
acute case which recovered in about a week the onset was “towards 
the period of her menses ” and this has been true for other such cases. 
One must distinguish between the occurrence of menorrhagia with 
the first menstruation occurring in a case of chronic thrombopenic 
purpura and the onset of purpura hemorrhagica with menstruation. 
There was nothing to suggest that in Cases 4, 5 and 6 there had been 
any hemorrhagic disorder before the onset of their periodic purpura 
hemorrhagica. 

Case 4.* — Significant data are presented in Fig. 2. The patient was 
a divorced woman, aged 40, 5 ft. 1 in. tall, weighing 132 pounds, who 
had never been pregnant. Her tonsils had been removed, a maxillary sinus 
opened, and cholecystectomy for stones performed more than 4 years 
before the present illness began. About 1 month before bleeding com- 
menced, she had recovered from a rather prolonged attack of low-grade 
pharyngitis which had caused her to feel “below par.” 

Suddenly, while' feeling perfectly well, her gums began to bleed on the 
day her menstrual period was due in Februarj^, 1935. Very soon she felt 
a stinging sensation in the skin all over her body, especially on her legs. 
Numerous small petechice were found and several ecchjmoses about 5 by 
7 cm in size Within an hour an excessive flow from the vagina began. 
Her periods had always been normal- and regular on a 2S-day cycle. She 
was transfused twice and abnormal bleeding ceased within 3 days, ibe 

* I' am indebted to Dr. Ah-in G. Foord, of Pasadena, for the data on this case, 
with his kind i)erniission to report it. 



MINOT: PURPURA HEMORRHAGICA WITH LYMPHOCYTOSIS 451- 

l)latelets (Fip;. 2), Avliich were very few, increased promptly and she soon 
felt perfectly well and returned to her active Avork as a trained nurse. 
Again suddenly Avhilc at Avork, and on the day her period Avas due, the 
same symptoms and signs rapidly developed and the menstrual floAv Avas 
profound. Once more 2 blood transfusions Avere given and bleeding soon 
ceased Avith rapid increase of platelets. She then received 300 Roentgen 
ray units over her spleen in 14- days when there were essentiall}'- no symp- 
toms. As the time for her period approached the platelets fell and she 
received 2 more blood transfusions. She did not develop purpura and the 
period Avhich came 5 days late AA'as probably only slightly excessive. She 
had no fever until the day after the last Roentgen ray treatment (4 days 
before her period Avas due). That day feA’-er appeared and persisted for 



Fig. 2. — Case 4. Intermittent purpura hemorrhagica associated with menstruation. 
A temporary increase of lymphocytes complicates the picture. 


about 20 days; the temperature varied each day from 103°, usually about 
102° to 99° or 100° F., being less after about the fourteenth daj^. With 
the feA^er, nausea was very troublesome. Fig. 2 shows the bmiphocyte 
response at this time. The Ijunphocytes appeared less abnormal than in 
Cases 1 and 2. At the height of the fever the sheep cell agglutinin test 
AA'as negatiA'^e and the same result AA'as obtained about 10 da 3 '^s later. There 
AA^as no enlargement of the spleen or Ijnnph nodes at any time. The throat 
and nasal passages were nonnal. Various types of cultures and agglutina- 
tion tests and all other examinations were negatiA-^e, includmg Roentgen 
ray examination of the lungs. 

At no time AA’as there anj’- notewortlw anemia. Coincident AA'ith fcA-er 
and increase of Ijmiphocytes the AA’hite blood cells remained in the vicinity 
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of 11,000 per c.mm., and before and after this event they were usually 
about 7000. The eosinophils increased temporarily in association with 
the menses (Fig. 2). Basophils were very rare. The monocytes were not 
increased. Young forms of neutrophils were increased after Roentgen ray 
treatment and remained somewhat elevated during the period of fever. 

No evidence of any sort, wliich was diligently searched for, indicated 
that the patient had taken drugs or had been exposed to poisons. She gave 
no history to suggest allergy nor was there a fanuly history of this condition. 

Following a convalescent period of about 5 weeks after fever ceased; she 
has appeared well in the subsequent 9 months. 

It seems unlikely that the Roentgen ray treatment was responsible for 
the attack of fever and increase of lymphocytes, and particularly when 
the next case to be described which received no such therapy developed 
the same syndrome. The course taken bj’- the eosinophils be com- 
mented upon after describing the other 2 similar cases. 

Case 5.— This patient, seen 12 years ago, was an unmarried woman, 
aged 28, whose past history appears to have no bearing on the present 
illness. She was apparently well when bleeding began but had had a 
(‘head cold” about 6 weeks previously. The data for the blood are less 
complete than in Case 1, but the sequence of events was very similar. 
She had 2 mild and brief attacks of purpura and menorrhagia at the time 
of 2 consecutive menstrual periods, followed by much more severe attacks, 
of only a few days’ duration, with the next 2 periods. With the subsequent 
period there were a few petechise on her legs and only slight excess menstrual 
flow. With each of the latter 3 attacks it is known that the platelets were 
very few and that they were approximately normal at some time between 
attacks. As the last attack was subsiding, the lymphocytes rose from about 
25 to 63% when the majority were slightly abnormal in type. The white 
cells were about 14,000 when the lymphocytes remained elevated for 
about 12 days. During the first 7 of these 12 days the patient had slight 
fever; the temperature remained about 100.5° F. The white cell count, 
both before and after the temporary increase of lymphocytes, was about 
,7000 when the differential white cell count was essentially normal. The 
eosinophils were 1 to 4%, with perhaps a tendency to be more frequent 
near the time of menstruation. Anemia was never more than slight, in 
part prevented by blood transfusions at the time of the severer bleeding 
episodes. 

There was no evidence of respiratory or urinary tract infection, and 
the lymph nodes and spleen remained normal in size. She gave no history 
of an allergic condition. It is unknown whether she had taken any drugs. 

With the 2 menstrual periods following the rise of lymphocytes there 
were a very few petechice on the legs and the flow from the vagina was 
slightly excessive. In the next 2 years she had no hemorrhagic manifes- 
tations. 

Case 6.— The patient was an unmarried, large-framed woman, aged 26, 
weighing 160 pounds. The past liistory was essentially negative except 
for the fact that she had had, although not for 2 years, a few mild and 
brief attacks of urticaria due to no recognized cause. There was no historj' 
of other conditions suggesting allergy and no history to indicate sensitivity 

to any known substance. , . x, i t 

She had a brief and mild attack of purpura 18 days before the chart 
(Fitf 3) commences, with somewhat excessive menstrual flow. A blood 
smear at this time showed the platelets diminished, the IjTnphocjtes 
30 % and the eosinophils 5 %. Eight day^s before the next menstrual period 
she developed a sore throat, and 2 or 3 days before menstruation her 
pharynx was injected, the tonsils reddened, and fever developed. 
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The course taken by the lymphocytes and their relationship to the 
fever is shown in Fig. 3. The abnormal ones were chiefly intermediate in 
type and relatively slightly abnormal. At no time did the white cell 
count fall below 6000 or reach above 12,000, the higher counts being 
recorded when the lymphocytes were elevated. The periodic rhythm of 
the eosinophils is shown in Fig. 3. The monocytes were 3 to_8%, and the 
remaining cells were neutfopliils. The sheep cell agglutinins were not 
examined,- ' 

The temperature remained elevated for 2 weeks, usually about 100.5° F., 
rarely 102.5° F., and subsided gradually. During the period of lympho- 
cytosis there were moderately enlarged lymph nodes at the angles of the 



Fig. 3. — Case 6. Intermittent purpura hemorrhagica associated -with menstruation. 
A mild attack of purpura with thrombopenia occurred wdth menstruation beginning 
18 days before the first charted observation. 


jaws and in the anterior chains of the neck. No other nodes were abnor- 
mally enlarged nor was the spleen palpable. The tonsillitis and pharjmgitis 
remained mild and subsided with the fever; at the same time the lymph 
nodes receded. After fever had been absent for about 2 weeks and on the 
day the next menstruation began, the lymphocytes increased once more, 
the nodes jn the neck became more swollen but less so than before, and for 
the following 15 days the patient had slight fever, the temperature varying 
from 99° to 100° F. During this time th6 pharynx and tonsils appeared 
moderately injected. 

With the 2 menstrual periods that occurred when fever was present, 
ecchjmoses and petechire appeared especiallj'- on the legs, ndth marked 


I 






454 :\nNOT: purpura hemorrhagica aahth lymphocytosis 

menorrhagia and slight bleeding from the ^ms and nose. After blood 
transfusions, abnormal bleeding ceased within 2 to 4 days. Anemia did 
not become pronounced. The platelets rose less and more slowly after the 
second of these two episodes (Fig. 3), but fell equally rapidly just before 
each of these 2 menstrual periods. At the time of the subsequent period 
the platelets fell but not to such a low level as formerly; coincident with 
this only verj-^ slight purpura occurred and the menstrual flow was onty 
naoderately in excess of normal. Following that period she remained well 
in the next 2 months, then left this country and has not been heard from. 

Discussion. , The association of abnormal bleeding and thrombo- 
penia with the menses in these 3 patients suggests some altered 
endocrine function. If, as some investigators believe, there is 
normally a drop of the platelets just before menstruation, a great 
exaggeration of the mechanism causing this might be responsible 
for the development of purpura. Increased capillary permeability 
has been shoMm to occur at the time of menstruation and ovarian 
dysfimetion has been considered a cause of some hemorrhagic 
conditions. Cases of intermittent purpura hemorrhagica differ 
distinctly from such cases of hemorrhagic diathesis as described bj' 
David,'* and supposed to be due to altered ovarian function. In 
those cases the platelets are noh reduced. The condition of easy 
bruising, -which is sometimes aggravated at the time of menstruation, 
especially as the menopause approaches, is also, of course, a separate 
disorder. 

The course taken in Cases 4 and 6 by the eosinophils with their 
increase at about the time of menstruation and decline thereafter, 
onlj- to rise again in association with the next period, is rather 
fascinating to speculate upon. It suggests some endocrine rhythm 
or allergic mechanism. Eosinophilia occasionally develops from 
altered endocrine functions and may occur wdth suppression of 
anterior pituitary function.® The recurrent urticaria that had 
existed in Case 6 was the only sjanptom evidenced by any of the 
3 patients to suggest an allergic background. Is it possible that 
the first 2 patients de-\’eloped some allergic state owing to the upper 
respiratory infection they had had about a month before purpura 
appeared? The only infection the third patient is known to have had 
within months of the time purpura developed was after the first attack 
of bleeding. Purpura hemorrhagica may be induced in animals by 
antiplatelet serum and may develop in man as the result of “ sensitiv- 
ity” to certain drugs such as "sedorraid” (allyl-isopropyl-acetylurea) 
and quinin. Various forms of eruptions, not only especially erythema 
and urticaria, but also ecchymoses and purpura vdthout reduction 
of platelets occurring periodically with, or in place of, menstruation, 
have also been thought to be sometimes allergic in nature.® Some 
such cases of vicarious menstruation probably are associated with 
low' blood platelets and, although an allergic mechanism may be 
operative, the conception of altered endocrine function seems 
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equally plausible. However this may be, the mechanism causing 
these conditions remains unlcnown. The reason for the cessation 
of the condition in the 3 cases described is as mysterious as the 
mechanism that initiated the difficulty. 

The occurrence of Ijonphocytosis does not necessarily accompany 
this type of intermittent purpura hemorrhagica associated with 
the menses. The lymphocytes were never found to be over about 
35% in a case of this sort described to me by the late Dr. Ralph C. 
Larrabee, where the attacks of purpnra recurred for many months, 
though the ultimate outcome is unknown. I am indebted to 
Drs. James H. Means and Alfred Kranes for describing to me a case 
comparable to the 3 described above, in which there was no evidence 
of increase of lymphocj^tes or eosinophils. This patient, after many 
recurrent attacks of purpura associated with menstruation, had 
none for about a year when they returned. 

The cause of the lymphocyte increase in the 3 cases described 
remains unsolved. The absence of other signs of infectious mono- 
nucleosis in Cases 4 and 5 than fever, the blood picture, and the 
negative sheep cell agglutinin test in Case 4, make it unlikely that 
both these patients developed this disease in addition to intermittent 
thrombopenia. In Case 6, which seems unique, the occurrence of 
throat infection directly before and during the first lymphocyte reac- 
tion and apparently present with the second temporary increase of 
lymphocytes would seem to be in some way responsible for the white 
blood cell picture. The occurrence of adenopathy with increase of 
lymphocytes is not rare with infection independent of infectious 
mononucleosis. The presence of fever with each of the l.^■mphocyte 
reactions in the 3 patients certainly suggests infection in spite of no 
local signs of infection in Cases 4 and 5. Even if infection was 
chiefly responsible for the lymphocytosis, one is led to wonder if 
altered endocrine function or allergy did not play some role in 
allowing the atypical blood response. In the acute cases with 
single attacks of bleeding fever was conspicuous by its minor degree 
or absence, and it occurred only during the time of bleeding. In 
the intermittent cases fever continued long after bleeding ceased. 
Another contrast between the lymphocyte responses in these two 
types of cases is that the abnormal lymphocytes in the acute cases 
decreased in close association with cessation of hemorrhage, while 
in the intermittent cases they fell a considerable time after an attack 
of purpura. It would seem as if more than one cause and mechan- 
ism for the lymphocyte responses was operative in the 6 cases, but 
speculations accomplish no very useful object. 

Though significant information is here necessarily limited to 
simple description, we must always remember that our final aim 
should be to acquire knowledge of the etiology and pathogenesis of 
morbid processes, so as to be able to apply proper corrective and 
pre^•entive measures. 
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ROSAHN, CASEY; 


Summary. A description is given of: 1. Three non-fatal cases 
of acute purpura hemorrhagica (thrombopenic purpura) with pro- 
nounced increase of lymphocytes, many of which were abnormal. 

2. Three cases of purpura hemorrhagica occurring periodically 
with menstruation which after from 3 to 7 attacks ceased sponta- 
neously. In association with 1 attack in 2 cases and 2 attacks in 
the third case a temporary increase of Ijraphocytes occurred asso- 
ciated with fever. 
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QUANTITATIVE VARIATIONS IN THE HEMACYTOLOGIC 
CONSTITUTION OF HEALTHY MEN AND RABBITS. 

By Paul D. Rosahn, hl.D., 

JOSIAH MACr, JB,, FOtJNDATION FELLOW IN PATHOLOGY, TALE UNIVERSITY, SCHOOL 
OF MEDICINE, NEW HAVEN, CONN., 
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Albert E. Casey, M.D., 

ASSOCIATE PROFESSOn OF PATHOLOGY, tTKIVERSITY OP VIRGINIA, UNIVERSITy, VA. 

(From the Laboratories of the Rockfeller Institute for Medical Research, 

New York City.) 

For the past several years this laboratory has been conducting 
a systematic survey of the genetic constitution of the rabbit, par- 
ticularly with reference to breed characteristics and hereditary 
abnormalities. Several methods have been utilized for the quan- 
titative assay of genetic constitution, one of these being the numeri- 
cal estimation of the various formed elements of the blood. By 
employing precise teclmical procedures, and the biometric method 
of group analysis, numerical constants for each of the blood cells 
have been defined for the healthy rabbit. Moreover, the reactivity 
of the animal host, upon recemng the impact of disease, or when 
subjected to physiologic or environmental stresses, has been studied 
in terms of the reflected numerical alterations in the blood cytology. 

In this and previous reports the term hemacytologic constitution 
is used to designate the composite blood formula for the individual, 
race or family. This entity, in conjunction with many others, com- 
prises the summation knovm as constitution. In a previous com- 
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munication^ it was shown that the blood cytology of healthy rabbits 
of the same breed was more alike than the blood cjdology of indi- 
viduals of different breeds, and that a characteristic and tjqiical 
blood formula existed for each variety of standard breed of rabbit 
studied. Since all known variables had been held constant during 
this investigation, it was concluded that the differences in the 
blood cytology of different breeds were largely inherited differ- 
ences. This study it should be noted, was concerned with the hema- 
cytologic constitution of races or breeds of rabbits. In the present 
report observations are presented with reference to the hemacyto- 
logic constitution of individuals; it will be shown that characteristic 
and typical blood formulae exist for each of several healthy indi- 
viduals representing the two species of rabbit and man. 

The present report so far as w'e know offers the only biometric 
evidence to justify this concept, which, however, has been expressed 
in more or less similar form by previous investigators. Miller^ 
stated that the interpretation of any differential count should be 
based on a knowledge of that particular person’s normal blood pic- 
ture when possible, on the average values for the locality in which 
the individual resides, and a consideration of those factors peculiar 
to the individual which modify that particular blood. Doan and 
Zerfas,^ noting that the red and white cells probably change their 
relative concentrations in the blood from time to time, advocated 
a zonal concept with adequate individual extremes. Smith and 
McDowell^ studied the normal rhythm of the white blood cells in 
two women subjects, and concluded that the number of white cells 
varies within certain limits, these limits being different in different 
persons, and under normal conditions constant in the same person. 
According to Medlar® the greatest value of the leukocytic formula 
in pathologic states is when the normal leukocytic formula for the 
individual has previously been established. Shaw® concluded that 
the number of leukocj4;es is a character of the individual, since the 
range of variation of the total leukocytes in the year is the same as 
in one person in 24 hours, but less than in a population. With this 
conclusion Garrey and BrjTin" appear to agree. 

Material and Methods. The plan of the experiment was as follows; 
Weekly or biweekly complete blood examinations were made on a group of 
6 healthy rabbits and 5 healthy young men. The rabbits were examined 
over a period of 2 years, the men for 1 year. The mean values for each of 
the blood cell elements of each indhddual were then calculated from these 
repeated observations, and a comparison of the individuals in each group 
with regard to these mean values was made. 

Rabbit Material. "^Wien the investigation was begun in the fall of 1930, 
10 rabbits comprised the group, but during the ensuing 2 j’ears of obser\*a- 
tion 4 of them died from intercurrent infection. The available obsen^ations 
on these 4 animals are not included in the analysis. The rabbits were all 
males of the usual brown-gray hybrid variety, and were approximated 
6 to S months of age at the beginning of the experiment. Throughout the 
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observation period they were housed in rvell-ventilated, well-illuminated 
rooms. The diet consisted of hay, alfalfa, a commercial food pellet of 
compressed grains, and a free supply of water. 

Human Material. The selection of the young men whose blood cytology 
is here reported was influenced only by the chance circumstance that they 
were all active m the same laboratory at the time of the investigation. All 
had been Ihdng in the northeastern part of the country for a minirmiTin period 
of 5 years, but one or two had made more or less extended trips South and 
North during this period. The diet was of the usual American type, with 
slight variations governed by individual predilection. A thorough physical 
examination was not performed at the beginning or during the observation 
period; the young men are designated as “healthy” because of their regular 
attendance in the laboratory and their symptom-free state throughout the 
study. 

Number oj Observations. A weekly complete blood examination was 
conducted on each of the 6 rabbits during the academic year beginning 
October 30, 1930, and ending June 18, 1931, with 1 examination on June 11 
omitted. During the following year biweeMy counts were made beginning 
October 15, 1931, and ending June 23, 1932. Thus during the inten^al from 
October 30, 1930, to June 23, 1932, each animal in the group had 51 com- 
plete blood examinations,* each made during the period from 9 a.m. to 
1 p.M. on the same day of different weeks. 

Parallel and similar blood examinations were conducted on the 5 human 
subjects during the year beginning October 31, 1931, and ending June 23, 
1932, with 18 biweekly counts on each individual. 

Blood Counting Technique. The pipettes employed were aU certified 
for accuracy by the United States Bureau of Standards. The supra^dtal 
neutral red technique for differential counting was followed throughout. 
Platelet counts were made by the method of Casey and Hehner,® and hemo- 
globin estimations with a Newcomber hemoglobinometer. From October, 
1930, to June, 1931, each examination consisted of a differential count of 
100 cells, a single red cell, white cell and platelet count, and a hemoglobin 
estimation based on one tube. During the second year, the examinations 
comprised a differential count of 200 cells, each observer counting 100 cells 
on different preparations, a red cell and platelet count based on the average 
finding in the fourth and fifth drops from a single pipette, a white cell count 
w^hich WAS the average of the values obtained from the fourth drop from each 
of 2 pipettes, and a hemoglobin estimation found by averaging the deter- 
minations in each of 2 tubes. 

During the second year the examinations on both rabbits and men were 
conducted on the same day of the week and at the same time of the day. 
The purpose of this procedure was to determine wdrether the blood (^dologj' 
of the two species had correlated trends. A preliminary sun'ey has indicated 
that statistically significant trends for certain blood cells do exist, but this 
phase of the investigation \vill not be considered in the present communica- 
tion. The same two indhdduals conducted the differential counting exami- 
nations, and a single observer made all of the red cell, white cell, and platelet 
counts and hemoglobin estimations throughout. 

Statistical Methods. The successive findings on each of the 5 young men 
and 6 rabbits were tabulated, and the following statistical constants w'ere 
determined for each cell factor of each indi^•idual: minimum, maximum, 
mean standard de^dation and stardard error of the mean. The mean is 
the arithmetic average of all obseiw'ations on one variate. The standard 
de\dation is the measure of scatter of the indirtdual values about the mean; 

* Five platelet counts and 6 hemoglobin estimations on each animal ivcre lost. 
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99% of the oljservations will lie between the limits of the mean plus and 
minus two and one-half times the standard deviation. The standard error 
of the mean is a measure of the range of scatter of similarly obtained means; 
99% of similarly obtained means are expected to fall within the limits 
described by the mean plus and minus two and one-half times its standard 
error. In all statistical procedures significance has been attached to values 
of P < 0.01 ; that is, when the probability (P) of an event occurring by chance 
alone was equal to or less than 1 in 100, the result was considered significant. 
Similarly, when the probability of an event occurring by random sampling 
was between 1 and 5 in 100, the result was considered probably significant 
(P = 0.01 4- to 0.05). 

In order to determine whether or not significant heterogeneity existed 
. among individuals as regards any single blood element, the method of anal- 
3 '’sis of variance as modified by Snedecor® was employed. The term “vari- 
ance” is used to denote the square of the standard deviation, that is o-y 
The value “F,” calculated for each blood cell element of the two groups, 
. represents the ratio of the larger to the smaller variance. I^Tiere the vari- 
ance between individuals is greater than the variance within individuals, 
“F” in the text-figures is preceded by a plus sign; in the converse instance, 
“F” is preceded by a minus sign. In the case of the rabbits, when the value 
for “-}-F” exceeds 3.08, significant heterogeneity among individuals has 
been demonstrated, and probably significant heterogenity when “-j-F” 
-i falls between 2.25 and 3.08. These values represent significance and prob- 
able significance when there are 5 degrees of freedom for the greater mean 
square and 300 degrees of freedom for the lesser mean square. For the 
men, “-fF” must exceed 3.55 to indicate significant heterogeneity, or 
must lie between 2.48 and 3.55 to indicate probably significant hetero- 
geneity. In this case, these are the values representing significant and 
probably significant heterogeneity among individuals when the degrees of 
freedom of the greater mean square is 4 and of the lesser mean square 85. 
The interested reader is referred to the monograph by Snedecor® and the 
text by Fisher'® for more detailed information concerning the method of 
analysis of variance. It should be stated that if heterogeneity among the 
class means has been demonstrated, then each class is theoretically a sample 
from a homogeneous population, 

The method which has been emploj'^ed for the graphic presentation of the 
results has been described in detail elsewhere." The horizontal broken lines 


in each diagram mark off intervals on the ordinate which are equal to the 
estimated^standard error of the difference between any two means. In all 

cases this value was obtained by the formula where V represents 


the “within classes” variance and n the number of observations in any 
class. This value, although an approximation of the true standard error 
of the difference between any two means, is sufficiently accurate for graphic 
purposes. In each instance a test of its accuracy was made by obtaining 
the average standard error of the several means, and deriving the estimated 
standard error of the difference between two means by finding the square 
root of twice the square of this average value. 
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Results. The results are presented in a series of tables and text- 
figures. Table 1 gives the following biometrical constants for each 
of the 14 blood elements of each of the 5 men: maximum, minimum, 
mean, standard deAuation and standard error of the mean. Table 2 
summarizes the values obtained by the method of analysis of 
variance. Tables 3 and 4 present similar data calculated from the 
observations on the 6 rabbits. 


Cell. 

R 


H 


P 


AV 


N 


N% 


B 




E 


Table 1. — The Blood Cvtology op 5 Healthy Men. 


Individual. Maximum. 

Minimum. 

Mean. 

O' 

. A 

4720 

3780 

4293 

269 

B 

5480 

4180 

4773 

402 

C 

5490 

3960 

4743 

505 

D 

5560 

3980 

4653 

438 

E 

5620 

4040 

4744 

430 

A 

84.6 

55.6 

70.9 

6.6 

B 

85.9 

59.7 

72.3 

6.6 

C 

81.2 

61.2 

72.9 

5.6 

D 

86.2 

62.8 

74.5 

7.3 

E 

87.3 

58.4 

74.5 

7.6 

'. A 

442 

264 

341 

54 

B 

582 

259 

371 

87 

C 

435 

249 

335 

49 

D 

412 

243 

340 

46 

E 

585 

280 

•• 391 

82 

. A 

8580 

5480 

7036 

896 

B 

7730 

4980 

6383 

748 

C 

8030 

4880 

6212 

784 

D 

8130 

4150 

6128 

1033 

E 

8000 

4500 

5779 

921 

. A 

5472 

3299 ' 

4551 

649 

B 

4263 

2500 

3075 

483 

C 

5240 

2985 

4207 

623 

D 

, 5647 

2387 

3802 

907 

E 

5360 

2419 

3632 

712 

. A 

71.5 

57.5 

64.6 

3.7 

B 

58.0 

35.0 

48.9 

5.5 

C 

80.5 

60.0 

67.4 

4.9 

D 

69.5 

43.5 

59.3 

7.2 

E 

72.5 

53.5 

62.5 

5.9 

. A 

80 

0 

31 

23 

B 

132 

32 

81 

31 

C 

99 

0 

25 

20 

D 

90 

0 

46 

30 

E 

96 

23 

60 

24 

. A 

1.5 

0 

0.0 

0.52 

B 

1.8 

0.5 

1.3 

0.47 

C 

1.8 

0 

0.4 

0.45 

E 

2.0 

0 

O.S 

0.55 

E 

1.8 

0.5 

1.0 . 

0.40 

A 

179 

0 

91 

43 

B 

946 

274 

662 

164 

C 

233 

b 

113 

57 

E 

326 

34 

184 

08 

E 

670 

0 

433 

159 


ff mean. 
63 
95 
119 
103 
101 

1.6 

1.6 

1.3 

1.7 

1.8 

13 

20 

12 

11 

19 

214 

176 

185 

244 

217 

163 

114 

147 

214 

168 

0.9 

1.3 

1.2 

1.7 

1.2 

6 

7 

6 

7 

6 

0.12 

0.11 

O.li 

0.13 

0.Q9 

10 

39 

13 

10 

.38 
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Table 

1. — The Blood 

Cytology 

of 5 Healthy Men- 

-{Continued) . 

Cell. 

Individual. Maximum. Minimum. 

Mean. 

a 

<r mean. 

E% 

... A 

2.3 

0 

1.4 

0.0 

0.13 

B 

17.3 

4.3 

10.5 

3.1 

0.74 


C ' 

4.3 ' 

0 

1.9 

1.0 

0.23 


D 

4.5 

0.5 

3.0 

0.0 

0.15 


E 

10.8 

0 

7.2 

2.8 

0.05 

L . 

... A 

2092 

905 

1490 

300 

72 


B 

293G 

1209 

1703 

412 

97 


C 

3254 

780 

1349 

524 

124 


D 

2152 

977 

1552 

338 

80 


E 

1732 

737 

1080 

259 

61 

L% . 

. . . A 

25.8 

12.3 

21.3 

4.1 

1.0 

B 

33.8 

21.5 

27.4 

4.5 

1.1 


C 

20. 0 

13.0 

20.2 

3.3 

0.8 


D 

30.0 

15.8 

25.0 

4.3 

1.3 


E 

20.8 

13.5 

18.9 

3.7 

0.9 

M . 

. . . A 

1383 

595 

850 

199 

47 


B 

1072 

500 

781 

143 

34 


C 

1058 

102 

054 

193 

40 


D 

987 

387 

081 

178 

42 


E 

800 

350 

008 

102 

38 

M% 

... A 

18.3 

8.5 

12.2 

2.3 

0.0 

B 

17.0 

8.5 

■ 12.3 

2.1 

0.5 


C 

14.5 

;i.8 

10.4 

2.0 

0.6 


D 

10.5 

5.8 

11.1 

2.9 

0.7 


E 

13.3 

0.5 

10.0 

2.4 

0.6 


In this and the subsequent tables, the following symbols have been employed: 
R, red blood cell count in thousands; H, hemoglobin in per cent; P, platelet count 
in thousands; W, total white cell count; N, absolute neutrophil count; B, absolute 
basophil count; E, absolute eosinophil count; L, absolute lymphocyte count; M, 
absolute monocyte count; N%, relative neutrophil count; B%, relative basophil 
count; E%, relative eosinophil count; L%, relative lymphocyte count; M%, rela- 
tive monocyte count. 


Table 2.— The Blood Cytology of 5 Healthy Men. Analysis of Variance. 


Variance. 


Cell. 

Between 

classes. 

Within 

classes. 

<r 

O' mean. 

O' difference. 

F. 

P. 

R . . 

717580 

109200 

411.0 

97.0 

137.0 

+4.24 

<0.01 

H . . 

43.3 

46.0 

6.8 

1.0 

2.2 

-1.06 

>0.05 

P . . 

10900 

4314 

66.0 

15.5 

21.9 

+2.53 

<0.05 

W . . 

. 3856370 

784320 

886.0 

209.0 

295.0 

+4.91 

<0.01 

N . . 

. 5555650 

475750 

690.0 

163.0 

230.0 

+11.68 

<0.01 

N% . 

886 

41 

6.4 

1.6 

2.1 

+21.60 

<0.01 

B . . 

8914 

710 

20.6 

6.3 

8.9 

+12.56 

<0.01 

B% . 

2.09 

0.23 

0.48 

0.11 

0.16 

+9.10 

<0.01 

E . . 

. 1050113 

11970 

109.0 

26.0 

36.0 

+87 .70 

<0.01 

E% . 

268.6 

2.9 

1.7 

0.39 

0.50 

+94.20 

<0.01 

L . . 

. 1110600 

142200 

377.0 

89.0 

126.0 

+7.81 

<0.01 

L% . 

229.0 

17.9 

4.2 

0.99 

1.40 

+12.81 

<0.01 

M . . 

. 206890 

31020 

176.0 

42.0 

59.0 

+6.64 

<0.01 

M% . 

13.9 

5.9 

2.4 

0.6 

0.8 

+2.36 

>0.05 


There were four degrees of freedom for the between classes variance, and 85 degrees 
of freedom for the within classes variance, cr is the square root of the within classes 
tr 

variance, a mean = V n' ^ being the number of observations, 18, in each class. 


^ /2 V 

(T difference = F is the ratio of the larger to the smaller variance. P repre- 

sents the degree of significance of F. 
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Cell. 

R 


H 


P 


W . 


N 


N% 


B 


B% 


E 


Table 3.— The Blood Ctttology op C Healthy Rabbits. 
Indi- 


vidual. 

Maximum. 

AUniiiium. 

Mean. 

O’ 

<r mean. 

. 1 

6690 

4620 

5698 

484 

68 

2 

6310 

4310 

5292 

426 

60 

3 

6200 

3970 

5119 

478 

68 

4 

6800 

3990 

5302 

737 

104 

5 

6090 

3530 

4901 

481 

68 

6 

6190 

3890 

5004 

572 

81 

. 1 

80.5 

43.3 

63.6 

10.1 

1.5 

2 

76.7 

48.7 

62.6 

7.2 

1.1 

3 

74.0 

44.0 

59.3 

8.4 

1.3 

4 

80.7 

48.0 

62.7 

7.0 

1.0 

5 

69.5 

45.0 

58.5 

7.5 

1.1 

6 

68.3 

44.0 

57.0 

7.7 

1.2 

. 1 

807 

280 

503 

110 

16 

2 

887 

300 

518 

121 

18 

3 

1107 

267 

520 

130 

19 

4 

687 

287 

522 

119 

18 

5 

967 

304 

480 

125 

19 

6 

823 

374 

556 

117 

17 

1 

14700 

5350 

8957 

2729 

382 

2 

12300 

5050 

7553 

1376 

193 

3 

17S50 

5800 

9665 

2289 

321 

4 

9950 

4700 

6651 

1305 

183 

5 

10450 

5800 

7818 

1052 

147 

0 

11800 

5450 

7881 

1340 

188 

, 1 

8379 

1712 

4223 

1160 

162 

2 

8364 

1890 

3897 

1216 

170 

3 

10545 

1989 

4821 

1633 

229 

4 

6150 

1718 

3174 

1056 

148 

5 

5191 

1769 

3503 

827 

115 

G 

7906 

1600 

3559 

1166 

163 

1 

68.0 

32.0 

46.2 

7.9 

1.1 

2 

68.8 

27.0 

51.1 

9.6 

1.3 

3 ' 

74.0 

26.0 

50.2 

9.6 

1.4 

4 

72.0 

28.0 

47.5 

8.8 

1.2 

5 

66.5 

25.0 

44.8 

9.0 

1.3 

0 

67.0 

16.0 

45.0 

10.8 

1.5 

1 

1741 

223 

808 

284 

40 

2 

1027 

98 

440 

222 

31 

3 

2534 

70 

761 

399 

56 

4 

1632 

200 

612 

262 

37 

5 

1141 

148 

551 

237 

33 

6 

1388 

92 

580 

261 

37 

1 

20.3 

2.0 

9.3 

3.4 

0.5 

2 

12.8 

1.0 

5.8 

2.9 

•0.4 

3 

28.0 

1.0 

8.4 

4.7 

0.7 

4 

17.0 

2.5 

9.2 

3.3 

0.5 

5 

16.0 

1.0 

7.1 

3.1 

0.4 

6 

15.0 

1.0 

7.5 

3.3 

0.5 

1 

384 

0 

143 

91 

13 

2 

748 

0 

152 

130 

IS 

3 

1199 

0 

254 

218 

31 

4 

384 

0 

139 

92 

13 

5 

523 

0 

141 

122 

17 

G 

326 

0 

75 

05 

9 
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Table 3. — The Blood Cytology of 6 Healthy Rabbits — {Contmned). 
Indi- 


Cell. 

vidual. 

Maximum 

Minimum. Mean. 

O' 

O' mean. 

2% 

. . . 1 

4.0 

0 

1.72 

1.10 

0.15 


2 

8.0 

0 

2.01 

1.43 

0.20 


3 

11.0 

0 

2.74 

1.89 

0.26 


4 

5.0 

0 

2.27 

1.37 

0.19 


5 

8.0 

0 

1.80 

1.57 

0.22 


6 

4.5 

0 

1.03 

0.88 

0.11 

I. 

. . . 1 

5709 

1245 

3204 

995 

139 


2 

4472 

1320 

2524 

688 

96 


3 

,7448 

1080 

3188 

1398 

196 


4 

3791 

1089 

2186 

633 

88 


5 

6552 

1184 

3145 

879 

123 


6 

6400 

1632 

3175 

1019 

143 

L% 

. . . 1 

52.0 

15.0 

35.2 

7.9 

1.1 


2 

56.0 

18.0 

33.9 

9.1 

1.3 


3 

56.0 

12.0 

33.0 

10.6 

1.5 


4 

59.0 

14.8 

33.0 

10.1 

1.4 


5 

63.0 

16.0 

40.2 

9.2 

1.3 


6 

65.5 

21.0 

40.5 

11.7 

1.6 

M 

. . . 1 

1743 

145 

722 

321 

45 


2 

1353 

192 

549 

231 

32 


3 

1772 

152 

609 

324 

45 


4 

1319 

0 

566 

266 

37 


5 

1392 

68 

471 

253 

35 


G 

1064 

60 

493 

249 

35 

M% 

. . . 1 

14.0 

3.0 

7.7 

2.7 

0.4 


2 

13.0 

3.0 

7.2 

2.2 

0.3 


3 

14.0 

2.0 

6.1 

2.5 

0.4 


4 

17.0 

0 

8.5 

3.4 

0.5 


5 

16.0 

1.0 

6.0 

2.7 

0.4 


6 

14.0 

1.8 

6.3 

2.6 

0.4 

Table 4. 

—The Blood Cytology of 6 Healthy Rabbits. Analysis of Variance. 

Variance. 

Between Witliiu 

Cell. 

classes. 

classes. 

cr 

irmean. o' difference. F. 

P. 

R . . 

3979500 

297300 

545.0 

77.0 109.0 

-1-13.38 

<0.01 

H . . 

331.5 

66.3 

8.1 

1.2 1.7 

-f5.00 

<0.01 

P . . 

28945 

13845 

118.0 

17.5 24.8 

-f2.09 

>0.05 

W . . 

. 58236500 

3261700 

1806.0 

253.0 358.0 

-4-17.85 

<0.01 

N . . 

. 17818357 

1470083 

1213.0 

170.0 240.0 

4-12.12 

<0.01 

N% . 

450 

88 

9.4 

1.3 1.9 

-4-5.10 

<0.01 

B . . 

957738 

81890 

286.0 

40.0 57.0 

-Ml. 70 

<0.01 

■ 

96.4 

12.8 

3.6 

0.5 0.7 

-4-7.52 

<0.01 

E . . 

171300 

17057 

131.0 

18.0 26.0 

-4-10.04 

<0.01 

E% . 

16.8 

2.0 

1.4 

0.2 0.3 

-f8.28 

<0.01 

L . . 

9818800 

957400 

978.0 

137.0 194.0 

-4-10.26 

<0.01 

L% . 

616.7 

98.6 

9.9 

1.4 2.0 

-4-6.25 

<0.01 

M . . 

417100 

77900 

279.0 

39.0 55.0 

-f5.35 

<0.01 

M% . 

52.3 

7.4 

2.7 

0.4 0.5 

-4-7.05 

<0.01 

There 

wore five degrees of freedom for the between classes variance. 

and 300 

degrees of freedom for the -n-ithin elasses variance, cr is the square root of the within 


classes variance. <t mean = ^ , n being the number of observations, 51, in each 

/ 2 'V 

class, or cHfTerencc = '^/ . F is the ratio of the larger to the smaller variance. 

P represents the degree of significance of F. 
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_ The bar diagrams (Text-Fig. 1 and 2) illustrate graphically the 
significance of the difference between the represented means. The 
horizontal broken lines block off intervals on the ordinate equal 
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Fig. 1. — Quantitative variations in the blood cytology of healthy men. See text 
for explanation of horizontal broken lines and significance of “F.” A, B, C, D and 
E represent different individuals. 

to the estimated standard error of the difference between any two 
means. This value was derived as explained above. When the 
heights of any two vertical bars are separated by at least two and a 
half intervals, then the populations illustrated are significantly 
different. For example in the bar diagram headed “Erythrocytes” 
in Text-Fig. 1, “A” is significantly less than “B,” “C,” “D,” and 
“E,” since it is separated from each of these by more than two and 
a half intervals. “B” is not significantly different from “C” or “D” 
or “E”, “C” does not differ from “D” or “E” nor does “D” from 
“E,” since in each of these instances less than two and a half inter- 
vals separate the mean values depicted. Similarly the significance 
of the difference between any two values can be ascertained. 

The value for “F” is shown in Tables 2 and 4 and at the top of 
each bar diagram. In all instances, with the single exception of the 
hemoglobin determinations on the men, “F” is preceded by a plus 





ROSAnN, CASEY: 


sign, indicating that the variance between individuals was in every 
case but one greater than the variance within individuals. Moreover 
with reference to the human material, the value for “F” was sig- 
nificant (P<0.01) as regards the following eleven cell factors: red 
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Fig. 2. — Quantitative variations in the blood cytology of healthy rabbits. See 
text for e.xplanation of horizontal broken lines and significance of “F.” 1, 2, 3, 4, 5 
and 6 represent different individuals. 

cell count; total white cell count; neutrophils, basophils,' eosinophils 
and lymphocytes in absolute and relative numbers; and monocytes 
in absolute numbers. “F” was probably significant (P = 0.01 + 
to 0.05) with regard to the platelet count. This indicates that for 
the factors enumerated significant heterogeneity was found to 
exist among the individuals studied. Although for monocytes in 
per cent the ^^ariance between individuals was greater than the 
variance within individuals, tending to demonstrate heterogeneity, 
the value for “+F” in this instance was not significant. In the 
case of hemoglobin, the within classes variance was greater than the 
between elasses variance. The difference was however not significant 
and homogeneity cannot be said to exist. 

As far as the rabbit material is concerned, significant heterogeneity 
among individuals Avas demonstrated for every factor with the 
exception of the platelets. In this case the tendency was toward 
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heterogeneitj^ but the variance between the means of individuals 
was not significantly greater than the variance within individuals. 

Discussion, The evidence which has been presented indicates 
that healthy individuals differ widely with respect to their com- 
posite blood formula. These differences are all the more striking 
since they have been shown to occur.not only among healthy young 
nien but also among healthy rabbits. In the biometric sense sig- 
nificance is largely a function of the number of observations on a 
variable, and it is therefore safe to presume that a similar analysis 
of larger numbers of individuals, with more observations on each 
than is contained in the present material, would demonstrate highty 
significant heterogeneity among individuals as regards all of the 
blood elements studied. This surmise is supported by the fact 
that with 51 counts on each of 6 rkbbits, highly significant hetero- 
geneity was demonstrated for 13 out of 14 blood elements, while - 
the human material, comprising fewer indmduals and fewer counts 
on each, gave evidence of highly significant heterogeneity for only 
11 of the 14 factors. 

, It should be emphasized that tlie men and rabbits were all in a 
state of good health throughout the investigation. With 3 excep- 
tions all of the mean values were within the usually accepted limits 
of normality. The exceptions referred to are the mean red cell 
count for the young man “A,” and the eosinophil counts for the 
men “B” and “E.” Although “A’s” mean red cell count of 4.29 
0.06 millions appears to indicate an anemia, this individual has 
maintained a state of excellent health for 4 years follovdng the 
reported studies, and moreover repeated counts during this sub- 
sequent period have indicated no deviation from this mean value. 
At no time has his red cell count ever reached five million. 

The reason for the high eosinophil count of “B” and “E” is not 
known with certainty, A plausible explanation would ascribe it 
to the epidermophyton infection which both of these individuals 
periodically presented. In this connection however, 3 points should 
be emphasized : First, that the infections were never severe enough 
to cause discomfort; second, that high counts were noted during 
periods when evidence of the affection was absent; and third, that ^ 
“A” with the lowest eosinophil count was also subject to this dis- 
order. If the explanation for the high eosinophil counts of “B” and 
“E” is accepted, it is difficult to understand their reactivity to the 
epidermophyton, and the non-reactivity of “A” to the same stimulus. 
The suggestion is offered that inherent or constitutional differences 
among these indmduals were largely responsible for their differing 
reactivity. 

Other workers have called attention to what has been termed 
familial eosinophilia, and it is possible that indmduals “B” and 
“E” fall into this category. KlinkerF"- described a family of 7, 6 of 
whom had eosinophil counts ranging from 6.2% to 15%. More 
recently StewarF^* studied 4 families in each of which several indi- 
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viduals presented distinct, persistent and unexplained eosinophilia. 
In none of those so affected could careful investigation reveal any 
of the knovTi causes of eosinophilia, particularly dermatoses, allergic 
states or parasitic infections. The eosinophil counts in one of 
Stewart’s families were as follows: father, 2 %; mother, 6%; daugh- 
ters, 10% and 10%; son, 42%. Another remarkable example of 
familial eosinophilia was the following: mother, 20%; father, 17%; 
daughters, 32% and 28%; father’s brother, 15%; mother’s sister, 
15%; mother’s brothers, 22% and 15%. There was no blood rela- 
tionship between the father and mother of this family. Poindexter^ ^ 
has called attention to the high eosinophil levels among the colored 
people Ihdng in and around Union Springs, Alabama. The average 
eosinophil count for 158 individuals between 15 and 30 years of age 
was 8.6%. In none of them was there a positive malarial smear, a 
positive tuberculin test, parasites in the stool, or any disease gener- 
ally associated with eosinophilia. 

The young men of the present study were all in good heath, in 
the same decade of life, living in a nearly uniform .physical environ- 
ment, and ingesting approximately the same tj^De of food. The 
rabbits were supervised more rigorously. Their age, food, and 
physical environment are known to have been as nearly uniform 
as laboratory control could make them. The blood counting tech- 
nique had been standardized by several years of technical improve- 
ment, and the studies on the several individuals were carried out 
by the same observers at the same time of the day, and same day 
of the week. In spite of this uniformity of environment and of 
technique, statistically significant differences were demonstrated 
among the individuals comprising each of the two groups. In the 
light of our present knowledge,. the explanation of these differences 
is largely a matter of conjecture.^ It is within the realm of possibility 
that subclinical infections, or cryptogenic organic disorders might 
have been responsible for the observed differences among individuals. 
A more tenable hypothesis however, is suggested by the well- 
recognized variability of biologic phenomena, particularly of such 
characteristics as body build, physical comformation, degree of 
pigment, etc. This hjqiothesis would ascribe the hemacytologic 
variations to inherent or constitutional differences among individuals. 
On this basis the potential blood cell level of an individual is deter- 
mined by genetic factors, and is as characteristic of that individual 
as his physical type, the color of his eyes, and- even his finger prints. 
This inherent potentiality is of course subject to the conditioning 
influence of environmental stresses such as disease, but fundamen- 
tally it characterizes and typifies the indi^^dual. 

The practical Implication of this study to the clinician is perhaps 
of more immediate importance. From the foregoing discussion it 
is evident that a blood cell count which is normal for one person 
may in fact be abnormal for another. A total white cell count of 
9000 for individual “A” would be within the limits of normal for 
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him, since it is less than his mean white cell count plus two and one- 
half times the standard delation (7036 + 2| X 896 = 9276). On 
the other hand, the same total white cell count of 9000 would 
represent a pathologic leukocytosis for “E” since this value is 
greater than “E’s” mean count plus two and one-half times the 
standard deviation (5779 -h 2^ X 921 = 8081). In the same way 
a red cell count of 3.7 millions for “A” would-be within that person’s 
normal range, while the identical count for "B” would be outside 
his normal limits. If “B” had a neutrophil count of 2000 it would 
be of little or no clinical importance because this value is inside 
his normal range (3075 — 2| X 483 = 1868) but the same count 
for “C” would represent a pathologic neutropenia (4207 — 2| X 623 
= 2650). This study therefore emphasizes the advisability of 
repeated counts' on individuals during health in order to ascertain 
the numerical variability of each blood-cell constituent. With this 
Imowledge of the blood cells’ variability during health as a back- 
ground, minor fluctuations which would ordinarily be dismissed as 
of no clinical importance would be assumed to indicate a departure 
from a healthy status, or in other words, a reaction to a pathologic 
process. 

Summary.— 1. Weekly or biweekly complete blood examinations 
were conducted on a group of 5 healthy young men and 6 healthy 
rabbits. The rabbits ■^^ere examined over a period of 2 years, the 
men for 1 year. The mean values for each of the blood-cell elements 
of each individual were then calculated from these repeated observa- 
tions, and a comparison of the individuals in each group with regard 
to these mean values was made. 

2. Statistically significant differences among the men were demon- 
strated for the following blood factors: red cell count, total white- 
cell count, and neutrophils, basophils, eosinophils and lymphocj^tes 
in absolute and relative numbers, and monocjffes in absolute num- 
bers. Statistically significant differences among the rabbits were 
observed for the following: red cell count, hemoglobin in per cent, 
total white cell count, and neutrophils, basophils, eosinophils, 
Ij-mphocytes and monocytes in absolute and relative numbers. 

3. The evidence indicated that healthy individuals differ widely 
with respect to their blood formida. These differences were all the 
more striking since they were shown to occur not only among 
healthy men, but also among healthy rabbits. It was suggested 
that the observed differences were due to inherent or constitutional 
variability among individuals, and that each individual has a 
characteristic and tj^iical blood formula which is largely determined 

by genetic factors. . 

4. The evidence further indicated that a blood-cell formula whicli 
is normal for one individual may in fact be abnormal for another. 

It was therefore suggested that repeated. blood-cell counts on indi- 
viduals during health should be made -in order to determine the 
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numerical variability of the different blood elements. With this 
information as a background, minor fluctuations which would 
ordinarily be dismissed as of little or no clinical importance, might 
be recognized as indicative of an early pathologic process, 

/ 
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REACTION FOLLOWING INTRA-GROUP BLOOD TRANSFUSION. 

Irregular Agglutinin Demonstrated by the Sensitive 
Centrifuge Test Method. 

By C. G. Culbertson, M.D., 

ASSISTANT PROFESSOR OF PATHOLOGY, INDIANA UNIVERSITY, SCHOOL OF MEDICINE, 
DIRECTOR, CENTRAL LABORATORY, 

AND 

A. W. Ratcliffe, A.B., 

UfDIANAPOLIS, lEDIAN’A. 

(From the Central Laboratory, Indiana University Medical Center.) 

A NUMBER of cases have been reported in which transfusion of 
blood between members of the same group has been followed by a 
typical reaction .syndrome of chill, fever, hemoglobinuria, suppres- 
sion of urine, and azotemia, which may or may not terminate fatally.^ 



472 


CULBERTSON, BATCLl FEE : 


While incompatibility of the bloods has been suspected, no etiologic 
factor has been consistently demonstrated. The prophylaxis re- 
mains obscure. . 

We have recently seen a reaction of this type. 

Case Abstract. Mre. C. was admitted to the maternity ward of the 
liospital and given a trial labor at the tenri of a normal pregnancy. Failing 
to make progress she was delivered by Cesarean section. Considerable 
blood was lost. Two days later she was given a blood transfusion from her 
husband who was found to be of the same group (0). Direct cross- 
matching of the bloods in hanging-drop preparations with 20 minutes 
incubation at 37° C. showed no e^^dence of agglutination tinder the micro- 
scope. 

At the completion of the transfusion the patient had a chiU and her tem- 
perature rose to 105° F. This was followed by hemoglobinuria and oliguria 
for several days, during which time the blood T.N.FlN. gradually rose to 
235 mg._ per 100 cc. The patient’s condition was regarded as critical by 
the clinicians who saw her. She was given symptomatic treatment, the 
details of which are outside the scope of this paper. After a very anxious 
period she gradually recovered; at the end of "7 weeks she was symptom- 
free and had a normal T.N.P.N. and urine. The patient had never been 
transfused prior to this time. She gave no history of allergic manifestations. 

The compatibility of the bloods was repeatedly checked by the 
hanging-drop method using the original materials; .the original 
findings were confirmed. This method has been used here and in 
other hospitals in this city over a period of years without encounter- 
ing a reaction of this type. The demand for speed in clinical work 
ordinarily precludes the use of higiiJy sensitive methods. So far 
as we are able to judge the hanging-drop method is in general use 
in clinical laboratories. 

The compatibiiiW of the bloods "was investigated by the centri- 
fuge test method suggested to Wiener and Vaisberg" by Landsteiner 
and Levine. By this method we found that the original sample of 
recipient’s serum agglutinated the cells of the donor. Twenty-four 
Group O donors wmre testfed by this method; the cells of 23 of these 
were agglutinated. One (Case 22) was found to be compatible. 
Neither of the patient’s parents w-ere tested. The same individuals 
w-ere tested by the hanging-drop method. The results of these 
tests are compared with the results of the centrifuge test method 
in the table on page 473. 

The centrifuge test method was immediately included as a .part 
of the routine procedure. 

Samples of the recipient’s serum w^ere sent to Dr. Karl Land- 
steiner who tested it by mixing 1 drop of saline, 1 drop of serum, and 
1 drop of 2 to 3% blood suspension in small tubes of 7 mm. diameter. 
Readings were taken after the mixture had stood at room tempera- 
ture. Twenty out of 23 Group O bloods with which he tested it 
were agglutinated. He demonstrated that the agglutinin was not 
related to either of the factors M or N. 
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Table 1.- 


-CoMPARisoN OP Centrifuge and Hanging-drop Method. 

11-3-35 11-4-35. 


Recipients Date: 



A.- 


serum plus Method: 

Contr. meth. 

Hanging-drop. 

cells of donor : Technician : 

A. W. R. 

— 

...... 



A. W. R, 

E. S. H. 

1 . . 

-I-4- + 

0 

0 

2 

-f- + + 

0 

0 1 

3 . . 

+ + 

0 

0 

4 . . 

-f + + 

-f- 

0 

5 

-f + + 

0 

0 

6 . . 

+ + + 

0 

0 

7 . . 

+ + + 

0 

0 

8 . . 

+ + + 

0 

0 

9 

+ + + 

0 

0 

10 . . 

+ + + 

+ 

0 

11 . . 

+ + + 

+ ■+• 

+ 

12 . . 

+ + + 

0 

0 

13 . . 

+ + + 

+ 

0 

14 . . 

+ + + 

tr. 

0 

15 . . 

+ + + 


0 

16 . . 

+ + + 

+ 4- 

0 

17 . . 

+ + + 

0 

0 

18 . . 

-t--f + 

0 

0 

• 19 . . 

+ + + 

+ .-f 

0 

20 

-f -H- 

tr 

0 

21 . . 

+ + + 

0 

0 

22 . . 

0 

0 

0 

23 . . 

+++ 

■F -f + 

_| — 1 — (Hcniol.) 

24 . . 

+ -F 

0 

0 


In commenting upon the findings Dr. Landsteiner notes that the 
agglutination in this case is considerably stronger than in most other 
cases of irregular agglutination reported in the literature. 

Our own experience affords no previous cases for comparison. 
One specimen of Group 0 blood tested with this serum by the centri- 
fuge method exhibited agglutination as follows : 


Serum. 
Undiluted 
1 to 5 dilution 
1 to 10 dilution 


ARglutination. 
3 plus 
2 plus 
1 plus 


Although its thermal amplitude was not carefully investigated 
this agglutinin was not noticeably more active at ice-box tempera- 
ture. Both the laboratory and clinical evidence indicate that it 
retained some activity at 37° C. This again is contrary to the be- 
havior of most irregular agglutinins that have been reported. 

A short time later a similar agglutinin was demonstrated by the 
centrifuge test method in the serum of a prospective recipient; it 
had been passed unnoticed in the hanging-drop preparation. This 
serum agglutinated three Group 0 bloods tested. The fourth pros- 
pective donor (mother of the recipient) was found compatible by 
both methods. A transfusion of 550 cc. of blood was given with no 
indication of an unfavorable reaction. Although we attach no 
significance to the fact, it should be noted that in both cases the 
intragroup agglutinin was demonstrated during the puerperium.- 
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In onr laboratory at the present time the routine procedures in 
choosing a blood donor include; 

I . Grouping the patient (by using sera of Groups A, B, and 0) . 
n. Selection of a prospective donor of the same group. 

III. Cross-matching (recipient’s serum with donor’s cells, and 
donor’s serum with recipient’s cells) by both: 

. (a) Hanging-drop, and 
(b) Centrifuge-test methods. 

. IV. Ivline test of the donor. 

Technique for the Cenirijuge Test Method: 1. Place 3 drops of serum in 
a small test tube (14 mm. diam.). 

2. Add 1 drop of cell suspension (3 drops of blood from a 20-gauge needle 
in 4 cc. of a physiologic saline solution containing 0.2 % sodium citrate). 

3. Shake to mix. (A control of saline and cells is optional after a little 
experience.) 

4. Incubate 5 minutes at 37° C. 

5. Centrifuge 3 minutes at high speed. 

6. Note any evidence of hemolysis. 

7. Shake the tubes to resuspend the cells while observing them vuth a 
concave mirror or hand lens. Note any evidence of clumping. 

8. Pour the fluid onto a glass slide and examine microscopically for 
agglutination. 

In our experience this test has not given false positives. Rouleaux 
formation and pseudoagglutination are less troublesome than in 
slide methods. In case of question they may be ruled out by repeat- 
ing the test, using a 1 to 5 dilution of serum. Centrifugalization 
permits the observation of hemolysis, which rarely may mask agglu- 
tination. At the same time agglutination is so sensitized that the 
research standard of sensitivity is attained without loss of the clinical 
virtue of speed. VTiile this routine may sound cumbersome, we 
find that the centrifuge test can easily be set up and completed 
during the incubation period of the hanging-drop preparations. 
This additional routine has not slowed up the laboratory service. 
While it is probable that the hanging-drop method eventually 
may be discarded, we are not yet read}’' to do this. 

Summary and Conclusions. The relation of anomalous agglutinins 
to transfusion has been an unsettled question.^* It might be 
questioned that the agglutinin was responsible for the reaction in 
this case. Howeimr, the facts may be summarized as follows: 
a Group 0 patient was given 500 cc. of Group O blood ; the cells of 
this blood were susceptible to agglutination by an anomalous agglu- 
tinin of low titer existing in the serum of the recipient. The recipient 
exhibited the t}’pical symptoms of a delayed transfusion reaction, 
followed a t}’pical course, and eventually recovered. A second pa- 
tient, exhibiting a similar anomalous agglutinin, was given 550 cc. 
of blood compatible with her intragroup agglutinin and no sign of 
reaction was observed. Until the contrary is shown we shall con- 
tinue to regard incompatibility resulting from anomalous agglutinins 
as a definite contraindication to transfusion with such a blood. . 
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In each of the 2 cases the low-titer intragroup agglutinin was 
unobserved in the routine coinpatibility tests by the hanging-drop 
method although it was readily demonstrated by the centrifuge 
test method. 

It is suggested that the use of the centrifuge test method in 
clinical practice may aid in avoiding transfusion reactions of the 
type mentioned above. , 
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SPLENECTOMY IN THE TREATMENT OF SUBACUTE BACTERIAL 

ENDOCARDITIS.* 

By David Riesman, M.D., 

PROFESSOR OF CLINICAL MEniCINE, GRADUATE SCHOOL, UNIVERSITY OF PENNSY'LVANIA, 

John A. Kolmer, M.D., 

PROFESSOR OF IMMUNOLOGY, TEMPLE UNIVERSITY, PHILADELPHIA, PA., 

AND 

David Polowe, M.D., 

PATERSON, N. J. 

In subacute bacterial endocarditis as in Hodgkin’s disease ive 
know we are beaten' from the start. Remissions may occur, raising 
the elush'^e hope of recovery but the end is early death. ' There are 
a feiv exceptions to this in subacute bacterial endocarditis but they 
are so few as to be negligible. We feel somehow that the patient 
infected with the mildly pathogenic Streptococcus viridans ought 
not to die. If the streptococcus is only a secondary inAmder as 
several authors maintain, then it belmoAms us to find the primary 
factors that enable it to become so irresistible an enemy. The 
interesting point made by recent AA'riters that subacute bacterial 
endocarditis is only another manifestation of rheumatic infection 
needs further iiwestigation. Our oaaui impression is to the contrary. 

Every imaginable agent and procedure has been used and practi- 
cally all haA’e been failures. This tragic fact led one of us a few 
years ago to the folloAAung reflections. Is it possible that death is 
due chiefly to the manufacture of bacteria and toxins in secondary 

* Read at the Meeting of The Association of American Phvsicians, Atlantic City, 
May 5, 1930. 
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Fig. 3. — Case 2. Part of a lymph follicle near the peripherj\ Within the follicle 
are seen histiocytes and neutrophils. In the perifollicular area are found neutro- 
phils and eosinophils among other cells. ( X 243.) 



Fig 4 —Case 2. The splenic pulp. The sinuses contain a large number of 
neutrophils, lymphocytes and histiocytes. In the pulp proper, there is an accumula- 
tion of plasma cells around the bloodvessels. A moderate amount of fibroblastic 
proliferation is present. The iron pigment is not verj- abundant. (X 243.) 
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Examination of the Spleen. Ch'oss Morbid Anatomy. The main spleen 
was at least twnce normal size, of firm consistency, deep red in color and 
covered by a fine frost of fibrinous exudate. A strong, wide, vascular band 
of adhesion connected the visceral surface and anterior tip of the spleen to 
the cardiac portion of the greater cun^ature of the stomach (Fig. 1). After 
10 days in formalin, the spleen weighed 13 ounces (404.3 gm.). A cross- 
section exhibited large lymphoid aggregations over the entire cut surface, 
except Avhere the infarct presented itself. 

Histologic Examination (Dr. Paul Klemperer). Follicles: These are 
really large, with centers particularly conspicuous. There is a great num- 
ber of reticulum cells. But there are also neutrophils within the center 
of the follicles. Around the follicles, in the perifollicular zone, there is a 
great accumulation of leukoc 3 ’’tes and eosinophils among other cells. 

Red Pulp. The sinuses and sinus epithelium are not particularly con- 
spicuous. The sinuses contain a large number of neutrophils, lymphocytes 
and histioc 3 'tes. In the pulp proper there is an accumulation of plasma 
cells around the bloodvessels. Moderate fibroblastic proliferation is 
present. There is a good number of pale nucleated cells (histiocytic cells) 
which contain iron pigment. The iron pigment is not very abundant 
(Figs. 2 and 3). Gram-stained sections: ho bacteria found. 

Table 1. — The Blood Picture in Case 2. 

* Pre-opcrativc.* 

Neutro- Band ' 


Date. 

R.B.C., 

millions. 

Hb., 

%. 

W.B.C. 

phiis, 

%. 

forms, 

%. 

Eosino- 

pliils. 

Baso- 

phils. 

Other 

lymph. 

6/22/35 

3.9 

74 

9,900 

63 

8 

0 

1 

36 

71 9/35 

3.8 

79 

10,300 

75 

t 

0 

2 

23 

7/24/35 

t 

76 

10,800 

75 

t 

2 

1 

22 

7/30/35 

t 

83 

7,400 

' 70 

12 

0 

2 

28 

8/ 3/35 

4.4 

84 

6,800 

75 

15 

1 

0 

24 

8/ 7/35 

t 

t 

8,000 

61 

8 

1 

1 

37 

9/14/35 

3.7 

65 

12,800 

78 

t 

2 

0 

20 

9/19/35 

4.1 

66 

Poslopcralivc. 
14,300 77 

15 

5 

0 

18 

9/24/35 

3.8 

74 

21,600 

79 

10 

5 

0 

16 

10/ 1/35 

3.5 

70 

14,700 

72 

14 

2 

0 

20 

10/ 8/35 

4.1 

73 

21,100 

75 

14 

2 

1 

22 

10/23/35 

4.1 

75 

14,700 

70 

9 

1 

0 

29 

11/20/35 

4.0 

73 

26,600 

77 

20 

1 

0 

22' 

12/16/35 

4.4t 

67 

29,900 

73 

12 

0 

1 

26 


* The platelet count before splenectomy was average normal (no actual count 
was made, but that is the note that appears on the blood count sheet as of July 24, 
1935). Following splenectomy platelet counts were made on September 19 and 24 
and October 1 and S; these were found, respectively, to be 356,700, 253,440, 310,000 
and 258,000. 

t The blood count should be eviiluated in the light of the presence of edema — the 
patient had gained 5 pounds of fluid in 2 weeks, although there was only slight 
pitting on pressure of the dorsum of the foot; a slight clubbing of the fingers, from 
which the blood for counting was taken, was also present, but this was present from 
the beginning. (Clubbing of fingers first noted, September 29, 1935.) 

t Not done. 

Case 3. — I. A., a j^outh aged 22, was seen in consultation with Dr. Blum- 
berg bj’- two of us on separate occasions. The patient presented the typical 
picture of subacute Ijacterial endocarditis. His iUness had begun on 
Marcli 25, 1935, with malaise, museular pains and late afternoon fever. 
The sjnnptoms and the laboratorj’- data were characteristic of the disease. 
Blood cultures— manj'- were made — were positive for Streptococcus viridans. 
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Despite every form of treatment the disease progressed rapidly down- 
ward.* A cerebral embolus produced hemiplegia and stupor. His condition 
was siich that it was felt the end was near. The parents consenting to the 
operation, it was performed on September 15, 1935, by Dr. W. W. Babcock. 
The spleen was found enlarged and showed infarction. 

Notwithstanding the patient’s critical condition the operation was well 
borne and. was followed by striking amelioration. Weight and appetite 
markedly improved; there was less pain and greater comfort, less sw'eating, 
slight reduction of the leukocj'’tosis and greatly improved morale. TJnfor- 
tunately this favorable course persisted for only 10 days, then the former 
picture returned. Death took place on December 22, a little over 2 months 
after the operation. 

Examination of the Spleen (Dr. H. J. Lemon). Gross Description. The 
spleen measures 17 by 10.5 by 4.5 cm. It is reddish-brown. The capsule 
is smooth and the organ is fairly soft. Scattered over the surface are 
several slightly raised areas which are yellowdsh-brown, the largest about 
1.5 cm. in diameter and 2 cm. in depth, which appear to be abscesses. 
There is also a small accessory spleen, 1.2 cm. in diameter (Fig. 4). 

Microscopic Description. Numerous sections of the spleen show many 
Malpighian corpuscles, much larger than are normally seen. The enlarge- 
ment is predominantly of the so-called germinal centers. These are sur- 
rounded by a broad zone of Ijnnphoid cells. There are patchy areas of 
congestion present. Here the sinuses are filled with red blood cells and 
lymphocytes. In other areas the sinuses are partly empty but appear 
enlarged. The splenic cords appear tlnckened and contain many lyrapho- 
C 3 'tes and neutrophils. Large areas of necrosis are present in which there 
are numerous collections of neutrophils. Active fibrosis is beginning around 
the edges of the infarcted areas. 

Diagnosis. Subacute splenitis with infarcts. 

Case 4.— H. M., aged 39, had no history of rheumatic infection. His 
illness began in January, 1935, with lack of “pep,” weakness, irritability, 
and so on. In February he had an attack of grippe from which he never 
fully recovered. On biliary drainage (Dr. H. S. Darddson), the culture 
yielded a nonhemolytic streptococcus. In May, the man felt somewhat 
better and continued at w^ork but began to have late afternoon fever. 
Blood cultures were negative. Somewhat later a thorough study of the 
patient’s case w^as made in Youngstown, Ohio — Hodgkin’s disease and 
leukemia were suspected. 

Wlien seen in Atlantic City he had the typical symptoms of sepsis- 
chills, fever and drenclung srveats. The heart sounds were exceedingly 
feeble, indeed scarcety audible, but there was no murmur and no arrh 3 ’'thmia. 
The liver was enlarged and slightty tender. The spleen was easily palpable. 


Table 2. — Some Blood Counts Fhom Case 4. 



8 / 10135 . 

9 / 26 / 35 . 

11 / 4 / 35 . 

4 / 29 / 36 . 

R.B.C. . . 

. 4,600,000 

3,790,000 

4,550,000 

4,500,000 

W.B.C. . . 

5,750 

1,850 

9,350 

17,400 

Hemoglobin . 

11 gm. 

9 gm. 

11.5 gm. 

12.5 gm. 


(66%) 

(54%) 

(69%) 

(73.7%) 

Eosinophils . 

0 

4 

2 

1 

Mononuclears 

19 

14 

16 

9 

Neutrophils . 

67 

44 

70 

73 

Lymphocytes 

13 

.38 

10 

16 

Basophils . 

1 

0 


1 

Color index . 

0.71 

0.71 

0.70 

0.81 


5/n;36. 
4,401,000 
13,600 
12 gm. 

(70. S%) 
1 

12 

78 

8 

1 

O.S 


* The foUowng were the more specific measures employed in this case: In'ra- 
venous and intramuscular injections of Streptococcus cardioarthnditi-s scrum (bmaio 
and concentrated polj^-alent antistreptococous serum, intravenous 
bacteriophage prepared by Dr. John Love and one of us, transfusions of Wood for 
a total of 19; intravenous injections of sodium cacodylatc, and so on. 
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As the disease progressed the patient lost more and more weight, a total 
of about 60 pounds. His color became sallow, he grew weak and very 
irritable and had an extreme hj^peresthesia of the skin of the entire body. 
The spleen was much enlarged and a little fluid could be detected in the 
abdomen. 

No definite diagnosis was arrived at~mural subacute bacterial endo- 
carditis seemed reasonable. As nearly every conceivable treatment had 
been tried without any result, splenectom}’- was suggested as a last resort. 
The patient readily acquiesced and the operation was performed by 
Dr. Babcock on October 1, 1935. 

It was exceedingly well borne, and for about 8 or 9 days the patient 
appeared distinctly improved. However, on October 11 the temperature 
began to run in the same manner as it had prior to the operation, but on 
October 23 it suddenly dropped to subnormal. The patient had a convul- 
sive seizure and was comatose, almost pulseless, and death was expected 
at any moment. Under stimulation he revived and from that time on his 
improvement was rapid and progres.sive. On November 4 he was dis- 
charged convalescent. He returned to work and when last seen was in 
very good condition. 

Bacteriologic examination of tlie spleen revealed a pure culture of 
Streptococcus ^dridans. 

It is difficult to explain the cause of the collapse of H. M. 23 days after 
the splenectomy, but following it there was no doubt of his rapid return to 
normal and a state of satisfactory health. During recent weeks he has had 
3 periods of fever with pain in the left loin, sweats and leukocytosis. It is 
possible that he is developing a perinephric abscess, although the studies 
with that thought in mind have been negative. "Wliether the morbid pro- 
cess underlying these attacks is the same as that which afflicted him origin- 
ally or whether what is going on now is something left over from the opera- 
tion cannot at present be decided. Dr. Harold Davidson, the family 
doctor, is convinced that the patient was d 5 dng when we saw him together 
and that the splenectomy saved his life. He gained 60 pounds in weight 
and for 5 months has been to all intents and purposes a well man. 

Examination of the Spleen (Dr. Franlc Konzehnann). Gross Description. 
The specimen measures 18 by 12 by 6 cm. The surface is bluish-red 
and nodular. There is some VTinlding of the capsule. The pulp is 
moderately firm. The incised surface is a deep red; it is granular. The 
follicles are few and barely visible. The trabeculae are not marked. There 
are occasional translucent irregular whitish markings throughout the organ. 
There is no evidence of thromloosis of the splenic vein. 

Microscopic Description. (Bouin fixation, hematoxylin and eosin.) The 
follicles are few in number; the number of lymphocytes composing them is 
also small with a decidedly eccentric arrangement of cells that are some- 
what larger than ordinary lymphocytes and cells that have a somewhat 
more reticular nucleus. The periphery of these small follicles is frequentlj^ 
'the seat of hemorrhage. In the interfollicular areas the usual splenic sinuses 
are almost obliterated by what seems to be swelling of the reticulurn. 
The number of free cells and of l 3 Tnphoc 3 ’-tes seems to be distinctly dimin- 
ished, while the number of reticulum cells, notably cells that have oval or 
elongated nuclei, seems to be increased. Occasionally a large cell measuring 
30 to 40 microns in diameter with an equally large nucleus is seen. The 
nucleus of this cell consists of a deep-staining membrane," huge nucleoli and 
a ver 3 '’ scant scattering of chromatin particles. Occasional!}'- there are 
patches in which several giant cells occur, possessing 2, 3 or 4 nuclei of the 
type just described. These cells make one think of the Reed-Sternberg 
cell of Hodgkin’s disease. However, the absence of the other cellular 
elements of Hodgkin’s disease makes such a diagnosis improbable. Occa- 
sionall}^ mitotic figures are seen among the reticulum cells. The striking 
feature is the relativelj’- small amount of blood in the organ. There are 
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patches, especially around the follicles, as mentioned above, AYhere vessels 
are engorged. An occasional engorged venule is seen, and very careful 
search reveals here and there pools of blood in very much distended sinuses. 
It seems as if these bloody collections are most numerous where nodules 
appear on the surface of the organ. It is also noteworthy that many of the 
arterioles are characterized by a hyalin degenerative process of the endothe- 
lial lining and sometimes of the tunica media. Examination with oil 
immersion reveals in some of the macrophages small granules that are sug- 
gestive of coccoid bodies. Nothing resembling Leishman-Donovan bodies 
can be discovered. 

Diagnosis. Chronic splenitis showing hyperplasia of the. fibrous and 
cellular reticulum.* 


The literature on splenectomy in septic conditions, particularly 
in subacute bacterial endocarditis, is exceedingly meager. The 
senior author’s case was apparently the first to be reported. Of 
2 patients with subacute bacterial endocarditis operated in the 
Mayo Clinic, 1 lived 3 months, 1, 7 months after the operation. 
We found one article in the Russian literature by Sawmdski- in 
which a successful splenectomy is reported. The case was not 
altogether typical of endocarditis but it wms one of long-continued 
fever in a woman of 28 with a rheumatic history. Sawadski believes 
that the spleen may act as a focus of infection and says, specifically, 
that the presence of bacteria in the blood stream is no contraindica- 
tion to the operation of splenectomy. 

Persistent search has revealed a fevr additional articles. Wieden® 
reports a series of cases of splenectomy from Prague. Among 
81 instances of splenectomy, there were 5 cases of endocarditis in 
which the operation was done for infarcts of the spleen. The first 
case urns that of a military officer of 21 wffio had had a long-standing 
sepsis following a grenade injury. After removal of the spleen, 
wdiich was enlarged and contained several infarcts, the patient 
recovered completely. Wiile the clinical diagnosis was endocarditis, 
the possibility of chronic sepsis secondary to wmund infection can- 
not be excluded. The second patient, a man of 40, with a histor}" 
of rheumatic fever, cardiac enlargement and a systolic and diastolic 
murmur, was evidently a case of subacute bacterial endocarditis. 
He died without any improvement in his condition 2 months after 
the operation. The third case, that of a young wmman of 24, wdth 
the symptoms of subacute bacterial endocarditis, died 3 months 
a,fter the operation. The fourth patient was a -woman of 57 w'ith 
symptoms of sepsis, a systolic murmur at the mitral area and 
enlargement of the spleen. On removal the spleen -v^-as foimd 
enlarged, with numerous infarcts and hemorrhages. The patient 


* Since -ivriting tlie foregoing article the patient, H. M., was operated upon in the 
suspicion that bo might have a perirenal abscess. No abscess w.as found. He died 
in his home in Atlantic City on June 10. No autopsy was obtained. Dr. Kohner, 
one of the attending physicians, thinks that death was due to subacute bacfenai 
endocarditis. Whatevor.tho nature of the process may have been, the fact remains 
that when splenectomy was done the patient to all intents and Purposes w-as neur 
death. He Uved nearly 7 months and for most of that tunc was m good healtn aim 
able to look after his business. 
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recovered, but 7 months later there was a recurrence followed again 
by improvement. A year after the operation signs and symptoms 
of lymphatic leukemia appeared and the patient died in coma. 
The autopsy showed lymphatic leukemia and mitral and aortic 
endocarditis. The fifth patient was a man of 27 with a. history of 
rheumatic fever. He had a murmur and a large spleen. The spleen 
on removal was found to be the seat of infarcts the size of ivalnuts. 
On culture nonhemobdic streptococcus and staphjdococcus were 
obtained. Death occurred 20 days after operation from cerebral 
embolism. 

Vogel/ in a lengthy article on extirpation of the spleen in diseases 
of the blood, says that he wants particularly to recommend splenec- 
tomj'’ in the early stages of endocarditis lenta when the general 
state of the body is adequate and the heart lesion has not pro- 
gressed too far. He does not think that the continued reinfection 
of the blood stream is derived from the vegetations on the valves 
which in the beginning are certainb’- very slight, but believes it not 
impossible that a chronic focus of infection such as might be in the 
spleen overflows into the blood. It is also possible that the bone 
marrow is a source of sepsis, 

Nordmann® performed splenectomy in a case of endocarditis in 
the belief that the spleen might be responsible for the continuance 
of the infection, by being a reservoir for bacteria and toxic sub- 
stances. His patient had mitral stenosis and insufficiency as the 
result of an acute attack of rheumatic fever. Two j’ears later 
the symptoms of subacute bacterial endocarditis manifested them- 
selves. After 6 months of septic fever uninfluenced by treatment, 
Nordmann extirpated the infarcted spleen. The patient made a 
complete recovery and “long ago left the clinic a well man.” 

Miinzer® recommended splenectomy but reported no cases in 
which the operation had been performed. 

We have found 1 case in the Spanish literature reported by 
Escudero and IMerlo,^ of Buenos Aires. The patient at the age of 
24 had had an attack of polyarthritis; later a s^’philitic chancre for 
which he was actively treated. Vdien 28 years old the signs and 
symptoms of subacute bacterial endocarditis appeared— there was 
mitral insufficiency, hypochromic anemia and severe pain in the 
left hypochondrium. Blood culture yielded Streptococcus viridans. 
Sidenectomy was performed and was well borne. Tlie hypo- 
cliondriac pains promptly disappeared but the general symptoms 
were not changed. Four weeks after the operation the patient 
at his own request was permitted to go home and sometime later, 
the day is not given, he died of pulmonary embolism. 

Heilborn® reports 2 cases of splenectomy in endocarditis ulcerosa. 
Tlie first was that of a man of 31. Two years previously he had 
an acute attack of articular rheumatism which left him witli mitral 
insufficiency and stenosis. The symptoms of subacute bacterial 
endocarditis appeared 11 years later. The spleen was enlarged and 
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tender. Blood culture was negative. After splenectomy the patient 
made a very good recovery and returned to work. The valvular 
niurmurs were however unchanged. Six months later the man 
died from cerebral embolism, having previously had an infarct in 
the kidney. The second case w'as that of a man of 27 who had had 
articular rheumatism, gonorrhea, cholera and lues, for which he 
was actively treated. From January, 1921, onward he had g, con- 
tinual evening fever. The spleen which was much enlarged, was 
removed in March; 3 weeks later the patient suddenly became worse; 
signs of aneurysm appeared. A massive hemorrhage killed him 
on August 30. Heilbom concludes that cases of endocarditis 
ulcerosa, endocarditis lenta and chronic sepsis are favorably influ- 
enced by splenectomy if the clinical phenomena point to a pro- 
nounced participation of the spleen. It is important, however, to 
do the operation early. The removal of the spleen may prevent 
a continuing reinfection of the heart; perhaps it acts also bj'^ stimu- 
lating the reticulo-endothelial system. In any event the experiences 
to date justify further resort to operation. 

There are unquestionably theoretical objections to the removal 
of the spleen in infective states. The spleen plays an important 
r61e in resistance and immunity through its large content of cells 
of the reticulo-endothelial system which are accepted as actively 
concerned in phagocytosis and in antibody production. Therefore, 
removal of the spleen would appear to be contraindicated from the 
point of view of removing an organ actively concerned in resistance 
and immunity. Furthermore, as ICrumbhaar® has shorni, the 
removal of the spleen in normal animals causes a mild anemia, 
which however is temporary. The antianemic function of the 
spleen, depending perhaps upon its power to conserve iron, is readily 
taken over by the bone marrow and other members of the reticulo- 
endothelial system- The absence of stainable bacteria in the spleen 
of one of our cases suggests the further thought that the organ may 
actually destroy bacteria. 

On the other hand, just as the resistance of the lymph nodes may 
sometimes be overcome so that they become the sites of abscess or 
tuberculosis, so the spleen is very common^' found to be the seat 
of infection during natural and experimentally produced infections. 
This is probably because the histologic structure of its pulp favors 
filtration and localization of organisms and especially of those occur- 
ring in the blood and peritonea! cavity. Furthermore, its histo- 
logic structure facilitates bacterial embolism and infarction, espe- 
cially in the course of subacute bacterial endocarditis. Under the 
circumstances removal of the spleen may be beneficial in the way 
of removing a mass of secondary infection and thereby enabling 
the individual better to combat the primary infection. _ _ 

Summary. 1. Splenectomy for subacute bacterial endocarditis is 
well borne even in far-advanced cases. 
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2. It has not so far been followed by a permanent sterilization of 
the blood stream in cases in which blood stream infection has existed. 

3. Nevertheless, in every one of our cases life was unquestionably , 
prolonged and made more comfortable. The physical and psychic 
improvement is most impressive. Even if the infectious process 
should continue in the heart, and it is possible that even this might 
be favorably affected, it seems that the general condition of the 
patient is improved. 

4. Perhaps if the operation were done earlier in patients with 
palpable spleens and hearts not too badly damaged, the results 
might be better. 

5. As death seems to be due in the majority of cases to embolism, 
the prevention of this complication should be taken into considera- 
tion. Nothing, we admit, may come of the attempt. 

6. Treatment should not rest Avith splenectomj''. Repeated small 
transfusions should be continued and bacteriopliage therapy tried. 

7. Splenectomy may prove to be a method of dealing with 
intractable forms of sepsis Avithout discoverable focus in Avhich 
splenomegaly is a prominent feature. This group, in Avhich sub- 
acute bacterial endocarditis may be suspected but is unproved, at 
present promises the best results from the operation. 
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GOUT— A FORGOTTEN DISEASE. 

By W. W. Herrick, M.D., 

PnOFESSOn of clinical, medicine, college of physicians and surgeons, COLUMBIA 
university; attending physician, Presbyterian hospital and sloane 

HOSPITAL FOR AVOMEN, 

AND 

T. Lloto Ty.son, hl.D., 

ASSISTANT IN MEDICINE, COLDEGE OF rHVSICIANS AND SURGEONS, COLUMBIA 

university; .\ssistant physician, Presbyterian hospital, new york city*. 

Fashions in therapy may liave some justification; fashions in 
diagnosis have none. Strangely enougli, acute gout, one of the 
oldest malatlics known to medicine, seems almost to have become 
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tically all cases, a statement which cannot be made safely about 
other arthritides. 

Because of the effectiveness of therapy of this disease and of the 
serious consequences of its neglect it may be of value to set down our 
own recent experiences in acute gout, at the same time pointing 
out specific diagnostic pitfalls and calling attention to such general 
errors as may lurk in diagnostic fashions. 

In an office practice, limited to internal medicine, we have been 
impressed with the frequency of recurrent gout and with the number 
of cases lacking a correct diagnosis for long periods of time. During 
the past 12 months we have observed 6 cases of acute gout in this 
office. This figure, while not large, indicates that this disease is not 
as rare as it is ordinarily supposed to be; since arthritis of any 
description is a complaint of but a small minority of our patients. 
In comparison, at the large arthritis clinic of the Presbyterian 
Hospital, during the past year but 5 cases of gout have been seen. 
This would indicate that the disease is much more common in 
private than in clinic practice, probably because of the higher 
standard of living among private patients. 

Short summaries of the 6 cases recently observed is given: 

Case Abstracts. Case 1.— Mrs. J. P., a woman aged 55, with a tendency 
to obesity, never had any joint trouble until September, 1934. At that 
time, follomng mild trauma to the left great toe, it became greatly swollen, 
tender and red. The patient was seen by several physicians, had roent- 
genograms made with negative findings and was finally told her condition 
was an arthritis. ■ By this time the process had spread to the other great 
toe and to the knee and hip. Treatment having brought no benefit, she 
finally insisted to her physician that she had gout, stating that her mother 
had had similar attacks of this disease. The uric acid of the blood was found 
to be 7 mg. per 100 cc. No colchicin or other specific treatment was given 
but the patient gradually improved. She first visited us during a minor 
attack of podagra in January, 1935. The uric acid of the blood was then 
5 mg. per 100 cc. The attack yielded to colchicin in 24 hours. Upon a 
regimen the patient remained symptom-free, with the blood uric acid 
between 3 and 4 mg. per 100 cc. In January, 1936, the patient again 
reported with severe pain in the lower lumbar region. In this instance it 
was discovered that liver extract had been prescribed for a skin condition 
and that 12 capsules of this substance had been taken daily. The uric 
acid was 5.7 mg. The pains completely disappeared 48 hours after beginning 
the use of colchicin, and the patient has since remained well. Further uric 
acid readings have not been made. 

Case 2. — Mr. W. A. M., aged 55, complained of attacks of acute arthritis 
in ankles, knees and great toes, at intervals, for 12 years. They were usu- 
ally acute and lasted 1 or 2 weeks. With each, a newly infected tooth 
had been found and removed, always 'with eventual subsidence of s 3 TOp- 
toms. The patient took no alcoholic drinks but was ovenveight and pleth- 
oric. He was first seen by us in October, 1935, during an attack of what 
liad heretofore been called arthritis. There was swelling and tenderness 
of the left ankle and knee, also a ijhlebitis of the left leg. The uric acid 
of the blood was 7.2 mg. per 100 cc. Following treatment bj’- colchicin 
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and diet the pain subsided promptly and the uric acid gradually fell to 
4.4 mg. There has been no return of symptoms. 

Case 3.~Mrs. F. R., aged 69, complained of a severe monarticular 
arthritis^ of the left knee of 4 weeks’ duration. She took alcohol in 
moderation and had been taking liver extract by mouth. The diagnosis 
had been arthritis despite negative Roentgen rays of the joints. Treatment 
by rest and heat was without relief. Pain prevented sleep. There was no 
extension to other joints. We first saw the patient in April, 1935. The 
left knee joint was tender, swollen and red over the inner aspect, with no 
excess of fluid. The uric acid of the blood was 4.6 mg. per 100 cc. A 
diagnosis of gout was made and colchicin given. The pain disappeared in 
24 hours and there has been no recurrence. In January, 1936, the uric 
acid was 2.5 mg. 

Case 4. — Mr. E. R., aged 56, complained of intermittent attacks of 
arthritis for 4 years, with free periods between. His father suffered from 
a similar arthritis. The joints involved had been the knees and tirsus. 
Some of these episodes had kept the patient in bed a month. The diagnosis 
had been arthritis, the treatment symptomatic, but ivith little apparent 
influence upon the usual course of the attacks. The patient was first seen 
by us in November, 1935, in an attack involving both knees and the left 
great toe. A tophus was found on the right ear. The patient was over- 
weight and took alcohol sparingly. The uric acid of the blood was 8 mg. 
per 100 cc. Roentgenograms were negative. After treatment by colchicin 
and diet the uric acid fell to 5 mg. and the patient has thus far enjoyed 
the longest period free from the disease since its first appearance. 

Case 5. — Mr. J. J. C., aged 40, was first seen in 1935, complaining of 
pain in the right great toe, ankle and shoulder of 10 weeks’ duration. 
There was no family history of gout and the patient did not use alcohol. 
Several similar attacks had occurred preAuously. The involved joints were 
found to be swollen, tender and red. The uric acid was 7.5 mg. per 100 cc. 
With treatment by colchicin and rest the joint symptoms subsided promptly 
and have no returned. The uric acid is at present 4 mg. 

Case 6. — Mr.. C. M., aged 38, complained of an acute arthritis of the 
right ankle and metatarsal joints of 3 weeks’ duration. His condition was 
diagnosed as arthritis, but treatment with salicylates and heat brought no 
relief. This patient drank heavily and noted that an overindulgence in 
beer aggravated the joint symptoms. On physical examination the patient 
was found to be overweight and with marked swelling and redness over 
the metatarsal and ankle joints. Roentgenograms of these joints were 
negative. The liric acid of the blood was 5.2 mg. per 100 cc. A diagnosis 
of gout was made and, follomiig treatment with colchicin and a diet, the 
arthritis subsided promptly. The patient subsequently left town and 
further history is not obtainable. 

Comment. In reviewing these cases several significant facts are 
apparent. All of the patients have had a similar history; namely, 
intermittent attacks of acute arthritis, usually in the lower extrem- 
ities, lasting from 1 to 4 weeks, with intervening . free intervals. 
In our opinion' this type of history is the most important single 
factor in the diagnosis of gout and is found in no other type of 

arthritis. ..... 

A large percentage of gouty patients have a positive family 

history of the disease. 
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All of our patients have been of sthenic habitus, overweight and 
in the age group over 35. While gout may occur in younger people 
and in those of asthenic type, it is uncommon in such. 

The prevalent opinion that the use of alcohol is a factor in causing 
the disease is not borne out by our experience. But 1 of our patients 
was a heavj’' drinker; 2 were total abstainers. 

Of interest is the fact that the ingestion of liver extract in rela- 
tively large doses was a possible factor in provoking attacks in 
2 cases. 

In this small series the uric acid of the blood has been not less 
than 5 mg. per 100 cc. in all cases with acute manifestations except- 
ing 1. This laboratory determination remains a valuable aid in 
diagnosis. One should remember, however, that an attack of gout 
may occur without a significantly elevated blood uric acid and, 
further, that in patients with a history of the disease, a significantly 
elevated blood uric acid frequently occurs without an attack of 
arthritis. 

In all of the cases cited the radiographs were negative. This is 
the usual finding in the more acute types of the disease. 

The usual site of the arthritis is in the lower extremities, most 
often the metatarsal joints; next in frequency the knee and great 
toe joints. It should be pointed out, however, that the upper 
extremities may be involved as well and sometimes alone. Tophi 
are infrequent. We would reiterate that these statements apply 
to acute and not to chronic gout. The latter presents a different 
picture, which needs not be described here. 

Of diagnostic value in these acute cases is the dramatic alleviating 
or curative effect of colchicin. 

Our method bf treatment is the administration of this alkaloid in 
doses of 1 mg. 4 times on the first day of the attack, then 3 times 
daily thereafter until symptoms subside or diarrhea occurs. After 
the attack, neocinchophen (tolysin) in 0.5 gm. doses and aspirin 
in 0.3 gm. doses are given 3 times a day for about a week. In 
addition, a diet low in purins is prescribed. 

Summary. 1 . The frequency of acute gout especially in private 
* practice is emphasized, as is the too common failure to recognize it. 

2. The recent increased interest in the infectious and degenerative 
arthritides has not extended to those of chemical origin, a trend 
which may have promoted some diagnostic failures. 

3. All cases of recurrent acute joint inflammation with intervening 
free intervals, especially in patients of middle age, demand careful 
search for a family history of gout, a study of the uric acid content 
of the blood and, when indicated, a therapeutic test with colchicin. 

4. Tophi and positive roentgenologic signs of gout are u.sually 
absent in acute cases. 
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GOUT.* 

By Abrahaivi Cohen, M.D., 

.\ssistant physician to the philadeephia generae hospitae, chief of ahth- 

HITIS CEINICS AT PHIEADEEPHIA GBNEBAE AND JEFFERSON H08PITAES, 

AND DEPARTMENT OP PUBLIC SAFETY, PHILADELPHIA, PA. 

(From the Department of Public Safety and Jefferson and Philadelphia General 

Hospitals.) 

Gout is now generally considered unimportant as a disease, and 
therefore the subject has been conspicuously absent in the recent 
literature. Gudzent and Holzmann^ found only 76 cases of true 
gout in 32,089 autopsies, while McCrae- quotes Futcher as having 
discovered 59 out of 18,000 autopsies. I want to state that I have 
seen over 40 cases of gout during the past 5 years, and I now have 
37 of these cases under my care. This suggests that the disease is 
more prevalent than has been supposed, 'and that previous criteria 
for diagnosis must be inadequate. When one examines the histories 
of these patients one soon discovers that most of them have suffered 
repeated attacks of gout, diagnosed “arthritis,” for many years. 

During the 25-year period from 1905 to 1929, it is estimated that 
there were approximately 414,296t admissions to the wards at 
Philadelphia General Hospital. In examining the records OA^er 
this period, it AA'as found that the diagnosis of gout Avas made only 
47 times.' The folloAving is a table of the information Aiffiich I haAT 
gathered from this group. Cognizance must he taken of the fact 
that complete studies in most instances Avere not aA^ailable. 

On the other hand, the foIIoAving is a table of the cases studied 
from 1929 to 1935. During this period there were 146,992 patients 
admitted to the Philadelphia General Hospital. Among these it 
has been possible to make a positiA^e diagnosis of gout 30 times. I 
am adding to these statistics 2 cases from the Jefferson Arthritis 
Clinic and 5 from my priA^ate records. It is interesting to note that 
IS of my cases Avere from the Philadelphia Police and Fire Depart- 
ment. 

* Read before the Medical Section of the College of Physicians of Philadelphia, 

^^t^The arbftrary number of 15.000 admissions yearly was taken from 1905 ‘o 
inclusive, since the average for the subsequent IS years was 17 , 000 . Records for 
the exact number are not available. 
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Table 1.— Forty-seven Cases of Gout Recorded at the Philadelphia Gen- 
eral Hospital (1905-1929). 


Age at onset: 


41 to 50 

10 

21 to 30 

7 

51 to 60 

1 

31 to 40 

8 

Ages not stated 

21 

Duration of disease; 

1 to 5 years .... 

10 

15 to 20 years .... 

5 

5 to 10 years 

5 

20 to 30 years .... 

4 

10 to 15 years 

3 

Not stated 

20 

Males 

44 

Females 

3 

Colored 

1 male 

White 

46 

Positive family history 
Negative family history . 

4 

21 

Not stated . . . , . 

22 

Lead 

3 

Alcoholics 

10 

Blood uric acid: 


Elevated 

8 

Normal 

3 

Not studied 

36 

First blood uric acid reported by Dr. 

J. H. Austin, March, 1912; 7 

mg. 

per 100 cc. blood. Normal value, 3 to 4 mg. 


Joints involved; 

Great toe 

24 

Joints other than great toe 

12 

Confined to great toe 

12 

Polyarticular .... 

28 

Table 2.— Thirty- 

SEVEN Cases of Gout (1929-1935). 


Ago at onset: 

10 to 20 years 

4 

41 to 50 years 

7 

21 to 30 years 

5 

51 to 60 years 

5 

31 to 40 years 

15 

Over 60 years 

1 

Duration of disease before 

recognition; 


11 to 15 years 

9 

At onset 

7 

16 to 20 years 

6 

1 to 5 years .... 

4 

21 to 30 years 

4 

6 to 10 years .... 

5 

Over 30 years 

2 


Family history; 

Negative in all jiolice and firemen 

Other cases: Negative 15 

Positive 4 

Onset: 

Sudden 26 

Gradual 11 

Attacks precipitated by: 

Appendicitis 2 

Acute infection 5 

Trauma 4 

Tonsillectomy 1 

Length of attack, three days to 10 weeks 
Blood uric acid (mg. per 100 cc. of blood) : 

Average high 6.96 

Average low .... 5.06 

Highest obser\’-ed 19.00 

Lowest observed 3.40 

3 to 4.5 mg 6 cases 

Above 4.5 mg .... 31 cases 

Length of time treated: 

3 years or over 6 

2 to 3 years ..... 8 

1 to 2 years 10 

3 months to 1 year 13 

Monarticular 8 

Polyarticular 29 
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From these facts the natural conclusion must be drawn, that 
gout is not infrequent, but that the criteria for diagnosis have been 
inadequate. In the 37 cases herewith reported, the following fea- 
tures were of diagnostic significance: 

1. It occurs at any age, but mostly from 20 to 50, and often with 
a positive family history. 

2. It is usually polyarticular, 

3. It may begin as an acute or chronic disease. 

4. There are attacks and remissions, the patient being pain-free 
during the remission, even with deformity. 

5. There may be but one attack yearly or there may be many. 

6. The blood uric acid is usually but not always elevated. "V^en 
not elevated, the diagnosis must be made on the history of repeated 
characteristic exacerbations and remissions. 

The following 5 case studies illustrate various features outlined 
above. 

Case 1. — W. W., patrolman, aged 46, height 5 feet 11 inches, weight 
195 pounds, was admitted to the Philadelphia General Hospital, February 
27, 1932, complaining of pain in the left knee. This attack came on sud- 
denly, 3 days before his hospital admission. There were no prodromal symp- 
toms except that he felt Weak and exhausted for 24 hours prior to the onset. 
The joints were red and swollen and the patient was unable to walk. 

His past history was essentially negative except that he had his first 
attack 13 years before, at which time both knees Were involved. The 
. attack lasted but a few days. There was no edema or redness. Since then 
attacks usually occurred iu spring and fall of each year lasting about 6 
or 7 weeks, involving several joints at a time, namely, knees, elbows, and 
wrists. The patient developed tophi in the cartilage of his ears, and in 
his elbows and right wrist about 8 years previously. ' He knows of nothing 
that might have precipitated an attack. He had received baking, “medi- 
cine," and liniment for his pain. The diagnosis of arthritis and mflamma- 
tory rheumatism was made on different occasions until his present admission, 
at which time the diagnosis of gout was made and confirmed. 

At the hospital large tophi from both olecranon burs®, right wrist and 
ears were removed. Tophi are still present iu the left index finger and right 
metacarpophalangeal joint. He had been free from pain from January 15, 
1933 to Februarjr 12, 1935. 

Treatment consisted of purin-free diet and colchicin, grain, 3 times a 
day until the patient was well over the acute attack. He was then given 
the same drug, tlir grain, 3 times daily for 1 week and a rest period for 3 
w’eeks. Blood uric acid tests (mg. per 100 cc.) were as follows: 


January 17, 1933 

. . . . 7.9 mg. 

March 14, 1933 

, . . . 7 . 9 mg. 

May 9, 1933 

. . . 7.2 mg. 

June 20, 1933 

. . . . 7 . 5 mg. 

September 24, 1933 . . ■ . 

. . . , 9.0 mg. 

February 2, 1934 

. . 7.2 mg. 


This patient had another attack February 12, 1935, and on questioning, 
admitted indiscretion in diet. He had also been drinking 2 bottles of beer 
daily for the previous few weeks. The blood uric acid, taken at montlity 
internals, never returned to normal levels even though he was reheved of 
siTOptoms. It is to he noted that the pain did not begin in the gTc.at toe. 
It was deemed adrisable to remove the large tophi, because ulceration is 
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accompanied by great suffering associated wtli the draining sinuses, and 
sometimes this lasts for many months. I believe that surgery is definitely 
indicated in all such cases. 

Case 2.— L. B., patrolman, aged 36, height 5 feet 7|- inches, weight 149 
pounds, had Ins first attack of pain and swelling in the right great toe, 
which was preceded by itching in March, 1920. This lasted 4 or 5 weeks 
and was followed by pain and swelling of the entire right foot. The patient 
was confined to bed for 10 days, after which the foot apparently returned 
to normal. He has had 5 more attacks; in 1926, 1929, 1931, 1932 and 1934. 
These attacks occurred usually during March and subsided suddenly, 
with no lasting ill effects. In 1931, the pain developed after extraction of a 
tooth. Each attack has been less severe. The parts affected were as follows : 

1920, pain an,d swelling in the right foot. 

1926, severe pain in the left foot, great toe, and ankle. He was hos- 
pitalized 6 or 7 weeks. 

1929, pain in the left foot, heel and ankle, lasting 3 or 4 days; relieved 
by strapping. 

1931, following a cold he developed pain in the left foot, lasting 3 or 4 

weeks. 

1932, pain in the left foot lasting 1 month. 

1934, pain in the left foot, great toe and right knee, following a cold. 

The diagnosis of gout was made May S, 1934. The blood uric acid was 
S.2 mg. During the past year he was admitted to the hospital for the 
removal of a gangrenous appendix, and 2 days later developed an acute 
attack of gout, which lasted about 10 days. There are no signs of gout 
recognizable at present. Treatment consisted of a purin-free diet and col- 
chicin grain, 3 times a day. 

Case 2 illustrates the influence of infection in precipitating an 
attack of gout. It is easy to understand how a diagnosis of infec- 
tious arthritis might have been made under the circumstances. 

Case 3. — ^M. W., patrolman, aged 44, height 5 feet 8 inches, weight 170 
pounds, was admitted to the Philadelphia General Hospital on December 1, 
1933, complaining of pain in the chest, back of neck and shoulders, of 2 
weeks’ duration. This pain began in the left anterior chest and radiated 
to the scapula and back of neck. The onset of the pains was preceded by 
an attack of grip. The diagnosis of gout was made January 1, 1934. Blood 
uric acid tests were as follows; 

January 2, 1934 Uric acid 8 . 8 mg. 

Urea nitrogen 14 mg. 

January 12, 1934 Uric acid 4.8 mg. 

March 27, 1934 Uric acid 4.2 mg. 

No tophi were present and no signs of disease remained.. He is still 
affected by the changes in the weather. Treatment consisted of purin-free 
diet and colchicin, grain, 3 times a day after meals. To date the patient 
has been symptom-free. 

Case 3 represents another instance where the great toe was not 
involved, but it does illustrate the point so frequently made by 
textbooks that the blood uric acid returns to normal coincident 
with improvement in the disease. This, however, is not always true. 

Case 4. — J. Z., patrolman, aged 52; height 5 feet 8 inches, weight 155 
pounds, had his first attack of pain in both ankles January 17, 1921. The 
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pain, was more severe in the right ankle which was red and s^vollen, and 
lasted about 5 days. A diagnosis of acute articular rheumatism was made. 
Until March, 1932, the patient had had about 18 attacks of pain occurring 
usuaUy in the fall or early spring. He knows of nothing which may have 
brought on the attacks; however, he noticed that the pain was aggravated 
if he ate meat or drank wine or beer. He was treated by his family doctor 
until March 24, 1927, when he was brought to the Philadelphia General 
Hospital, where the diagnosis of gout was made. He has been symptom' 
free since the above attack. This man presents typical tophi in the cartilages 
of his ears as well as moderate hypertension and arteriosclerosis. Blood 
uric acid tests were as follows; 

March 28, 1933 Uric acid 7 . 8 mg. 

March 30, 1934 Uric acid S.S “ 

Urea nitrogen 29 “ 

Blood pressure 150/100. 

April 24, 1934 . Uric acid 6.8 mg. 

Urea nitrogen 42 “ 

Blood pressure 165/100. 

Treatment consisted of a purin-free diet and colchicin jh grain, 3 
times a day every fourth week. 

Case 4 is an instance of gout with signs of renal insufficienc 3 ^ 
There existed hypertension, arteriosclerosis, and not onty a reten- 
tion of uric acid, but of urea as well. Though the patient remains 
fairly comfortable as long as he adheres to instructions, the uric 
acid remains elevated and he can precipitate an attack of gout 
almost at will. The great toes are now involved, but this occurred 
fairly late in the disease. 

Case 5. — J. R._, patrolman, aged 58, height 5 feet 10^ inches. Weight 212 
pounds, was admitted to the Philadelphia General Hospital in May, 1933, 
complaining of pain in the left great toe. He had had pain in this toe for 
about a month, but it was not severe enougii to cause him to be hospitalized 
until the present admission. The joint was incised and wet dressings were 
applied for a period of 2 weeks after which the inflammation gradually 
subsided. He had no acute attacks of pain after the first attack. 

The diagnosis of infected bunion was made until gout was suspected and 
confirmed by blood uric acid tests, which were as follows: 

Uric Acid. 

July 25, 1933 9.4 mg. 

November 14, 1933 , . 7.7 “ 

Januarj'' 14, 1934 4.8 “ 

April 10, 1934 5.2 . “ 

Case 5 illustrates a classical attack of gout beginning with pain 
in the great toe, yet it wms undiagnosed for many days. 

Treatment. In the statistical study of the 47 cases presented from 
1905 to 1929, it was found that -while most cases were given up to a 
dram of wine of colchicum, rarely -n'as one put on a purin-free diet. 
The usual dietarj' regime w'as a regular house diet. Hot magnesium 
sulphate solution was occasionally applied to the affected part, and 
salicylates were almost universally the drug of choice. 

In the 37 cases herewith presented, the method of treatment was 
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divided into the treatment of tlie acute attack and treatment 
following the acute attack. 

During the acute attack of gout, rest in bed, hot applications of 
saturated magnesium sulphate solution applied to the affected part, 
colchicin, and a liquid purin-free diet are of chief benefit. In addi- 
tion supportive symptomatic treatment is given as necessary. 

During the period of convalescence, the patient is put on col- 
chicin, grain yyitj 3 times a day -after meals and the purin-free 
diet is contmued. After convalescence a purin-poor diet is pre- 
scribed and colchicin is administered grain ^ times a day after 
meals, for 1 week out of every 4. Blood uric acid determinations 
are done at monthly intervals. In cases in which the uric acid is 
elevated, we frequently find that this elevation continues or in- 
creases. When an elevation is discovered it becomes necessary 
to revert to the purin-free diet and a more active course of colchicin 
is instituted. 

Deformities such as flat feet and contractures should be corrected 
as practised by the orthopedist. Infections should be cared for as 
one does for any other disease. 

AVhile cinchophen is efficacious in the treatment, colchicin should 
be used. Only one of my cases showed an idiosynerasy to colchicin. 

Treatment as described above has been highly successful. In the 
group now being attended, there have been but three recurrences. 
The patients have been treated for from 6 months to over 5 years. In 
each case where the disease recurred, the patient admitted indis- 
cretions in diet or infection or trauma were the responsible factors. 
It is my firm belief that gout is controllable. With codperation, the 
patient who would ordinarily suffer 4 to 6 attacks yearly, should no 
longer be troubled with this disease. 

Summary. 1. A statistical study of 47 cases of gout from the 
admissions of the Philadelphia General Hospital, covering the period 
from 1905 to 1929, is presented. 

2. An additional study of 37 cases covering from 1929 to 1935 is 
reported. 

3. Attention is called to the frequency with which gout is seen in 
the Police and Fire Department of Philadelphia. 

4. The treatment is invariably satisfactory as contrasted with 
other forms of arthritis. 

5. Gout as a disease condition is met with fairly frequently in any 
large group of arthritics. 

6. A revised set of diagnostic criteria are herewith submitted. 

7. It is hoped that this study may lead to further studies of the 
incidence and treatment of gout. 
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TENENBAmi, BAVID: 


A FATAL CASE OF BACILLUS FBIEDLANDEE ABSCESS OF THE 

PROSTATE. 

By Joseph Tenenbauim, M.D., 

ATTENDING UROLOGIST, ISRAEL ZION HOSPITAL, 

AND . 

Jacob M. Ravid, M.D., 

PATHOLOGIST, ISRAEL ZION HOSPITAL, 

BROOKLYN, N. T. 

(From the Departments of Urology and Pathology, Israel Zion Hospital.) 

While non-gonococcic pyemic abscesses of the prostate, whether 
primarj'- or secondary, are relatively infrequent, prostatic abscess 
caused by the Friedlander bacillus is extremely rare. Careful search 
of the literature leads us to believe that our case is the first of its 
kind ever reported. 

Case Report. A. L., white male, aged 45, was admitted to this hospital 
on February 20, 1935, with the complaint of “chills and fever.” His past 
history, save for mild diabetes, was essentially negative. About 19 days 
before admission, he began complaining of headache and weakness. Two 
days later he was seized ivith a severe chill lasting 45 minutes, followed by 
rise of temperature to 104° F. He had several such attacks during the next 
17 days. He also began to experience difficulty of urination. 

On physical examination the patient appeared markedly undernourished 
and acutely ill; temperature 99.8° F.; pulse 80 and respiration 20 per minute. 
Blood pressure 94/60. The spleen was felt one finger breadth below the 
costal margin. The urine showed 4 % glucose and a trace of acetone. Blood : 
17,200 leukocytes with 76% neutrophils and 4% eosinophils. The general 
impression was that of bacterial sepsis from an obscure focus in a diabetic. 

Course. Within 2 days, the urinary symptoms began to dominate the 
clinical picture. Rectal examination revealed the presence of a large semi- 
fluctuant mass, most pronounced / ’ ' ■ ■ ‘ 'ibe. Seminal 

vesicles were markedly distended, of . ■ ■ .■ ' and appeared 

matted together with the mass in the prostate. The diagnosis was prostatic 
abscess and acute seminal vesiculitis. The patient developed a profuse 
urethral discharge from which B. Friedlander was isolated. As the prostatic 
mass seemed to shrink, this was interpreted as a sign that tlie abscess had 
ruptured into the urethra and no radical intervention was attempted. On 
the fourth day, however, tlie patient developed complete urinaiy retention. 

A total of 1200 cc. of turbid urine was obtained through the catheter, and 
this ’ ’’--1 - — nf H FYiedlander. Blood culture revealed 120 colonies 
of E Cultures of the nasophaiynx and stool were 

nega..-. ■ On February 26, the patient began to show 

signs of meningeal involvement. Lumbar puncture yielded cloudy fluid 
vlth 660 cells per c.mm., mostly neutrophils, from which a pure culture of 
Friedlander bacilli w'as obtained. The temperature was of the septic variety, 
fluctuating between 98° and 100.6° F., with repeated chills. He e.xpired 
the 10 th day after admission. , , .. , „ ^ , 

Postmortem examination showed marked undernutntion and pallor. I'resli 
petecliiffi were seen over the skin. The prostate and bladder, about a grape- 
fruit in size, filled up the entire pelvis. The bladder measured 12 cm. in its 
longest diameter, and was filled vith bloody urine. The mucosa was ulcer- 
ated and hemorrhagic. Prostate (Fig. 1) measured about 8 cm. in dnameter, 
its wei'^ht vitli the bladder amounting to 900 gm. On section, the prostate, 




Fig. 1. — Prostate and bladder (one-third natural size) showing large abscess of 
prostate (_A) and distended bladder (B) with hemorrhagic mucosa and markedly 
thickened wall. 



Fig. 2. — A section of the prostate (low-power magnification) showing a large 
abscess ca\"ity (A) filled mostly mth neutrophils, a generalized round and neutrophil 
infiltration of the stroma -with beginning fibroblastic proliferation and a few distorted 
acini (J3). 
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seminal vesicles and vasa deferentia showed numerous honeycomlred cavi- 
ties, _ from which jll-smellmg, muddy brown, purulent matter exoided. Tlie 
fascia of D(5nonvilIier was tense but intact. The rectum, testes and urethra 
showed no abnormalities. Other findings of interest: lungs contained 
numerous minute subpleural abscesses; liver, a large subcapsular abscess 
in the right lobe; Iddneys showed a number of small cortical abscesses, and 
beginning lij’^dronephrosis. The spleen was enlarged to twice its noimal size, 
and was soft and mushy. A pea-sized ulcer was found in the pre-pyloric 
region of the stomach. 

On microscopic examination, prostate (Fig. 2) and semmal vesicles showed 
a %videspread replacement by large abscesses made up of necrotic material 
wuth predominating neutrophil infiltration and beginning organization. 
A similar picture was seen in the liver, kidneys and lungs. Cxdtures from 
■prostate, liver and lungs yielded pure groivths of Friedlander’s bacillus. 

The final pathologic diagnosis was: purulent prostatitis and seminal vesi- 
culitis 'with large abscess formation. Multiple pyemic abscesses in lungs and 
kidneys, and incipient hydronephrosis. Huge abscess of right lobe of liver. 
B. Friedlander septicemia. Healed tuberculosis of right lung. Acute 
splenic tumor. Ulcer of stomach. Coronary sclerosis and fibrosis of myo- 
cardium. ' Cloudy swelling of the viscera. 

Discussion. Since the discovery of the organism by Friedliinder 
in 1882, considerable change has taken place in onr knowdedge as 
to the role it plaj^s in disease. At first, the organism described by 
him as “micrococcus” was believed to be the specific etiologic agent 
in lobar pneumonia. Later studies, however, have shown that the 
incidence of the Frjpdlander bacillus in lobar pneumonia averages 
no more than 5 to 10%,^ the more frequent finding of this bacillus 
at autopsy being accounted for by pre-agonal or postmortem invasion. 
When found in the lungs m vivo, the Friedlander bacillus is either 
the result of a secondary infection, “contamination, or has reached 
the lungs from the gastro-intestinal tract, liver, bile passages or the 
genito-urinary tract.”’ The Friedlander bacillus, representing the 
large group of Bacillus mucosus capsulatus, is one of those Gram- 
negative bacilli which, from their habitat and pathogenicity, are 
related to the organisms of the upper respiratory tract; while from 
their biochemical and cultural behavior they are nearer to the bac- 
teria of the gastro-intestinal tract of the coli-typhoid group. The 
bacillus is present in air dust, rotted potatoes, slivers, marshes and 
similar places, which makes contamination of the nasopharynx, 
gastro-intestinal and genito-urinary tracts a frequent occurrence. 
Etienne,^ in an exliaustive study comprising 83 cases collected from 
the literature, found instances of B. F'riedlauder infection occurring 
in almost every organ of the body. The name “pneumococcus” 
or “pneumobacillus” is therefore a misnomer. The lesions caused 
by this organism range from conjunctivitis, enteritis, cholecystitis, 

• pyelitis, abscesses of the liver and kidneys, and involvement of the 
internal genitalia of both male and female, to subcutaneous pyemic 
abscesses, endocarditis and general septicemia. 

Genito-urinari/ Infections. In the standard textbooks of urology 
there is little reference to B. Friedlander as a causati\c agent in 
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genito-urinary diseases. In the current literature, however, there 
are a number of such reports. Montt-Saavedro,^ Nicolaier/ Chiari® 
and Balog'® reported cases of cystitis, pyelitis, pyelonephritis and 
kidney abscess caused by the Friedlander bacillus. Bertrand- 
Fontaine and Parlier^ published a case of B. Friedlander pyelo- 
nephritis in a 5-year-old child following nasopharjmgitis, with 
spontaneous recovery. Bernstein® and Barcaroli® reported cases of 
B. Friedlander epididjunitis. Cain and Meyer" published a case of 
B. Friedlander infection supervening upon a latent nephrolithiasis. 
Brodny'® observed a fatal case of B. Friedlander septicemia follow- 
ing transurethral prostatotomy. 

In none of the old tmd recent articles did we find a case similar 
to ours. Cabot and Kretschmer'® state that they have not seen 
such a case. Balog'® cites a case of Sachs, of a B. Friedlander pros- 
tatic abscess without, however, indicating the source of the reference, 
and after a careful search no such report could be found in the 
literature. 

It is possible that the paucity of reports of genito-urinary infec- 
tions with this organism is due to the fact that pyemia and septi- 
cemia, with or without an additional mixed infection, which super- 
vene in the majority of cases, mask the genito-urinary source of 
invasion. Other writers on the subject have also commented about' 
the vagueness of the clinical picture and the lack of localizing signs 
in some of the obscure cases of prostatic abscess. The clinical pic- 
ture in some of these patients simulated such diverse conditions as 
typhoid, paratjTDhoid, malaria, or the “grippe.” Finally, there is 
the difficulty of positively identifying the Friedlander bacillus 
among its many strains and morphologic derivatives.'^ It is there- 
fore quite probable that other cases of prostatic abscess similar to 
ours have been hidden or lost under the blanket diagnosis of “sepsis 
of undetermined origin.” 

Summary and Conclusions. 1. Prostatic abscess caused by the 
Friedlander bacillus does not appear to haAm been previously 
reported. A case of B. Friedlander prostatic abscess is here pre- 
sented which eventuated in septicemia and multiple metastatic 
abscesses in the liver, kidneys, lungs and meninges. 

2. “Sepsis of undetermined origin” or septicemia with urinary 
disturbances calls for a thorough im’estigation of the genito-urinary 
tract with the possibility of a hidden or masked focus in the pros- 
tate to be kept in mind. 

3. The scarcity of reported cases of B. Friedlander infections of 
the genito-urinary tract, despite the fact that the bacillus is a more 
frequent invader of these organs than is commonly thought, is due ‘ 
partly to the existence of many strains of the organism, with mixed 
infection adding to the difficulty of its identification and, especially, 
because this organism is still being erroneously associated mainly 
Avith respiratory diseases. 
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Recent reports of the remarkable curative effect of artificial 
fever in the treatment of gonorrheal arthritis suggest that the time 
is not far distant when this disease will cease to be a serious factor 
in contributing to the number of the lame, the halt and the disabled. 
From the stand]ioint of ultimate joint function and the average 
duration of discomfort and disability, there is no doubt that the 
application of this therapeutic principle has greatly improved the 
outlook of patients with gonorrheal arthritis and that artificial fever 
constitutes the treatment of choice in such cases. Unusual indi- 
vidual cures have been noted by most workers in this field of thera- 
peutics and these in a high percentage of the cases treated, but rela- 
tively little has been said of the failures. Failures there have been 
and as time goes on and the series lengthens, the results appear a 
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little less spectacular than they did in preliminary reports. After 
nearly 2 years’ experience we are presenting the results of fever 
therapy in 50 cases of gonorrheal arthritis. Though the percentage 
of cures is not so high as has been obtained by other workers, the 
series is larger than any previously reported and represents the 
average type of patient with this form of arthritis. By giving a 
summary of each case in tabular form, it is lioped that tlie reader 
may arrive at his own conclusion concerning results in individual 
cases. 

A considerable literature has appeared concerning methods of 
artificial fever production, the physiologic changes produced by 
artificial fever and the bactericidal effects of high temperatures on 
the gonococcus; but this has been fully reviewed in recent papers,'-® 
so that no attempt will be made to discuss it here. Concerning 
results of fever therapj^ in gonorrheal arthritis, Schnabel et al.^ 
report 11 cases cured, 5 markedly improved and 2 moderately im- 
proved of IS acute and chronic cases treated. Kendell ei al* 
report; “The ultimate average improvement in joint function in 
the (19) cases of acute gonorrheal arthritis was 98.4 per cent in 
the (12) cases of chronic gonorrheal arthritis 88.3 per cent.” Hench 
et al.^ report about 90% of their patients (16 cases) were “ essentially 
cured or markedly relieved.” These workers tabulated 9 reports 
from 6 groups of workers published since 1932 on the effect of fever 
therapj’^ on gonorrheal arthritis. Of 33 cases mentioned, the 
results of only 24 could be tabulated and of these 22 (92%) were 
promptly and “completely relieved” or "cured.” This talaulation 
is a composite of four different series of cases; 1 of 12 cases, 1 of 8 
and 2 cases each. Such short series have the essence of preliminary 
reports and their reduction to statistical averages introduces the 
probability of considerable error. The expressed opinions concern- 
ing fever therapy in gonorrheal arthritis, such as, “Results uniformly 
successful in acute cases” or “Acts almost as a specific”® might 
be modified when tempered with a wider experience. 

The material presented in this work consists of 50 cases of gonor- 
rheal arthritis. Of these cases, 41 patients had joint sjTnptoms of 
10 weeks’ duration or less and are, therefore, considered as acute 
cases. In 9 other patients, classified here as cases of chronic gonor- 
rheal arthritis, the joint sj'mptoms had been present for 4 months 
or longer. This arbitrary separation may be open to criticism, but 
patients in the latter group differed materially from the acute cases 
in that swelling was absent and pain was much more mild and even 
intermittent. All but 1 patient had sj'mptoms dominated by 
. tender heels, resulting from an inflammation of the posterior attach- 
ment of the plantar fascia. This process often interferes witli 
locomotion and, therefore, is confused with a true arthritis of the 
ankles. It is seen only as a sequela of gonorrhea and often persists 
long after the original infection has subsided or has been cured. 

The diagnosis of gonorrheal arthritis in our patients was made 
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by a critical consideration of the history, course and bacteriologic 
evidence of gonorrheal infection of the genital system and the 
character and t^^ie of joint disease. Classically, this occurs as a 
sudden, severe, extremelj'' painful arthritis involving usually one 
joint and leading to rapid bone and cartilage destruction and tendon 
sheath inflammation. Formation of adhesions and thickening of 
the joint capsule result in marked limitation of joint motion or 
ankylosis. While such a sequence of events is suggestive of gonor- 
rheal arthritis, it is by no means pathognomonic of this disease as 
the same syndrome is often seen in patients who exliibit neither 
suspicion nor evidence of gonorrhea. On the other hand, patients 
with histories of recent gonorrheal infection may have a mild migra- 
torj'^ arthritis, limited after a short time to one joint which develops 
effusion, showing many pus cells and Gram-negative intracellular, 
diplococci. A diagnosis of gonorrheal arthritis can be made with 
certainty only when the specific organisms are found by smear or 
culture in the affected joints. 

According to such criteria, only 3 of tliis series of patients had 
gonococcal arthritis proven by joint culture. Of the patients with 
acute arthritis, all but 5 had positive urethral, prostatic or cervical 
smears before treatment. Three of these showed joint fluid from 
which gonococci were cultured (R. K., D. A. and H. B.). One of 
the others (M. S.) had been treated repeatedly for gonorrhea and 
had a urethral discharge for several days prior to the onset of 
arthritis. The last case (M. M.) gave a historj^ of vaginal dis- 
charge for 4 weeks. When seen, this discharge showed many pus 
cells, but Gram-negative intracellular diplococci were not identified 
in it. The diagnosis of gonorrheal arthritis may be open to question 
but seemed justified on an examination of all the evidence. 

Of the patients with chronic joint symptoms, only 1 had a positive 
smear when seen by us, but all gave definite histories of acute gonor- 
rhea which had been adequately treated elsewhere and pronounced 
cured. Painful heels or arthritis had persisted since the infection. 
Roentgen ray films were taken in only 1 case which showed calcaneal 
sburs. 

Apparatus and Procedure. All fever treatments were given by means 
of the Kettering hypertlierm,* which consists of a cabinet large enough to 
accommodate comfortably the body of a man. The patient lies upon an 
air mattress resting on a built-in cart wliich can be ■RuthdravTi. This 
arrangement facilitates putting the patient into the cabinet and allows for 
his rapid withdrawal, if necessarj'-. The patient’s head rests upon a pillow 
outside the cabinet, the end of which is closed by means of a vertically 
sliding door. A large sliding door on each side allows for eas}’’ examination 
of the patient’s body during the treatment, the taking of rectal tempera- 
tures and the changing of blankets which are placed over the body during 
part of the treatment. A compartment at the foot of the cabinet contains 
electrical apparatus which heats and humidifies the air and causes it to 

* The Kettering hypertherm cabinets were loaned to City Hospital for clinical 
trial through the generosity of Mr. C. F. Kettering, President of General Motors 
Research Corporation, Dr. W. M. Simpson, of the Miami Valley Hospital, Dayton, 
Ohio, and the Frigidaire Corporation, Dayton, Ohio. 
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circulate. _ The air temperature and humidity are controlled automatically 
at any desired level. ■ 

The patient comes to the fever therapy department about S a.m. vithout 
breakfast and, after the temperature, pulse, blood pressure and weight are 
recorded, he receives sodium amytal (gr. vj). He then enters the cabinet 
nude save two boots made of several la}’’ers of outing flannel which cover 
the feet and lower parts of the legs, areas which are especially liable to 
blister. The air temperature in the cabinet at the beginning of the treat- 
ment is about 125°_F. and is raised as rapidly as possible to 160° F. The 
humidity is maintained at about 35%. After about li hours, the desired 
body temperature is produced and the patient is then covered with a 
blanket. From this time forth the cabinet air temperature is adjusted as 
necessary to rnaintain the desired fever. An electric fan plays on the 
patient's face,' iced water or iced saline is given freely and the patient may 
eat ice or have ice rubbed on his face. Morphin is given hypodermically 
for undue discomfort or restlessness. A nurse is in constant attendance 
to regulate the treatment and to minister to the patient’s wants. She 
observes and records the patient’s temperature, pulse and general behavior 
as well as the air temperature and humidity of the cabinet at least every 
15 minutes. The condition of the skin is noted to detect inflamed areas 
which might later develop into blisters. The nurse attends to but 1 patient 
at a time, and upon her intelligence, tact and judgment depends to a large 
extent the success of a treatment. TlTien the treatment is terminated, the 
cart with the patient on it is withdrawn from the cabinet and after 1 or 
2 hours the body_ temperature returns to the pre-treatment level. After a 
bath the patient is returned to the ward or may be taken home. 

attempt is made at each treatment to maintain a fever of 106° to 
107° F,_ for at least 5 hours. If this elevation is attained rapidly, the 
patient is reasonably comfortable and there is no evidence of skin blisters; 
the period is extended to 6 or 7 hours. At the end of such a fever, patients 
vith gonorrheal arthritis usually feel greatly improved. Pain and tender- 
ness is markedly reduced and the range of joint motion is increased. If 
sjunptoms are not absent or do not continue to improve, fever treatments 
are repeated eveiy 3 to 6 days, if possible, as long as improvement is noted. 
Tliis routine is frequently disturbed and successive treatments delayed 
because of skin bums and blisters or painful and extensive herpes. 

An important part of the patient’s preparation for treatment consists 
in describing and explaining the procedure to him. He is told that the 
treatment vdll probably give him relief of this artliritis and his infection 
may possibly be cured. It is explained that the treatment is long and 
tedious, that the cabinet is verj’- hot and uncomfortable, that he may suffer 
skin blisters and herpes, but that everjdhing in the way of drags and atten- 
tion vdll be allowed to make it as easy for him as possible and that we 
beheve he can tolerate it. Practically no one has hesitated to submit to 
treatment, wliile the few who have refused to continue have done so without 
resentment. 

Because of the high temperatures and long treatments necessary, fever 
therapy in gonorrhea is much more difficult than in chronic arthritis, central 
nervous system lues, inflammatory eye conditions or other conditions for 
which it seems to be of benefit. The nerrmus and mental strain on the 
patient, the tendencj' to skin lesions due to thermic injury, the liability to 
encounter uncontrolled hyperp3Texia or circulatorj^ collapse is increased as 
the temperature level is elevated. 

Eeshlts. So far as possible, the significant data are presented 
in four tables. The cases in each table are listed in order of increas- 
ing duration of arthritic symptoms. No record is stated as to the 
number of fever treatments given, but this inaj' be estimated by 
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considering that each treatment lasts from 4 to 6 hours. The actual 
duration of a treatment is much longer, since the period of tempera- 
ture rise is not included. Treatments are listed as “hours abo^m 
105° F.” because of the difficulty at times in raising the fever to 
106° F. or in keeping it there without interruption. The actual 
period and temperature of treatments exceed rather than fall short 
of the time as given. In most cases the temperature was kept 
as close to 107° F. as was thought to be safe. 

Table 1 shows the data on 22 patients who received complete 
relief or cure of all joint symptoms. This means that they were 
free of pain and tenderness; the joints looked normal and were able 
to perform satisfactorily all the motions necessary in the patient’s 
usual activity without attracting notice of an observer, although 


Table 1. — Acute Gonorrheal Arthritis With Complete Recovery. 



: Sex. 

1 

Age. 

Smear 

before 

Duration. 

Involve- 

Fever 

of 

Remarks. 


treat- 

ment. 

1 

,Gon. 

Arth. 

ment. 

105° F. 
hr. 

J. T. 

' 

F i 

1 1 
i 

22 

+ 

1 yr. 

1 wk. 

Wrist 

12 

Pus tubes removed surg- 
ically after treatment; 
smear neg. 

A. P. 

M 

30 


1 “ 

1 


Knee 

8 

Smear negative. 

M. S. 

M 

37 

1 


2 

1 

1 

it 

Knee 

6 

History of repeated gon- 
orrhea; urethritis re- 
cently; knee aspirated 
of 70 cc. of fluid. 

W. R. 

M 

40 

+ 

2 “ 

1 

H 

Knee 

Ankle 

30 

Conjunctivitis promptly 
relieved ; smear neg. 

M. K. 

M 

42 

+ 

5 wk. 

2 

<< 

Ankles 
[ Elbows 

5 

Smear not obtainable. 

J. M. 

M 

30 

+ 

3 " 

2 


Knee 

20 

Smear negative. 

J. M. 

M 

40 

+ 

3 “ 

2 

! 

<( 

Knees 

5 

Knees tapped twice ; 
showed Gram-neg. dip, 
but none intracellular. 

J. B. 

F 

23 

+ 

? 

'2 

« 

Knee 

Wrist 

5 


E. W. 

M 

44 

+ 

12 wk. 

2 

« 

Ankles 

10 

Conjunctivitis promptly 
relieved. 

R. S. 

M 

20 

-t- 

18 “ 

3 

t( 

Knee 

1 5 


■R R 

M 

38 

+ 

? 

3 

t( 

Wrist 

10 

^ Smear negative. 

c. w. 

M 

36 

+ 

4 wk. 

3 

(( 

Hip 

Knee 

5 


B. B. 

F 

42 

+ 

None 

3 

(( 

Wrist 

5 

Roentgen ray _ showed 
joint destruction. 

W. D. 

M 

49 

+ 

1 

4 wk. 

3 

tt 

Knees 

10 

Conjunctivitis promptly 
relieved. 

J. 0. 

M 

22 

+ 

S “ 

3 

i( 

Knee 

Heel 

9 

Periurethral abscess; 
smears became neg. 

D. T. 

F 

24 

+ 

4 “ 

3 

wk. 

Knee 

15 


B. M. 

M 

32 

-1- 

1 yr. 

4 


Hip 

10 


C. G. 

M 

21 

+ 

4 wk. 

4 

1 

Ankles 

Toes 

16 


J. P. 

M 

22 

+ 

8 “ 

4 

« 

Knee 

Wrist 

7 


T. D. 

M 

20 

+ 

7 “ 

6 

(( 

Foot 

Ankle 

5 


A. L. 

F 

5 

+ 

? 

7 

{< 

1 

Finger 

7 

Gonococcic vaginitis; 
Roentgen ray showed 
epiphyseal destruction; 
normal 5 wk. later. 

G. L. 

M 

26 

+ , 

? 

8 

(t 1 

Knee 

13 

Roentgen ray shows hazi- 
ness. 
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full anatomic motion was not always restored. One patient of 
special mterest^ but 5 years of age, had a gonorrheal vaginitis and 
a very tender, swollen and immovable forefinger which had been 
present for 6 weeks. A Roentgen ray photograph before treatment 
showed almost complete disappearance of the epiphysis of the 
proximal end of the first phalanx, whereas 5 weeks later the epiphysis 
was normal. 

Table 2 includes 9 patients who reeeived benefit but were not 
cured. In general, these patients had suffered from arthritis for 


TabIiB 2.— Acute Gonobhheal Arthritis With Partial Relief. 





Smear 

IDuration. ! 


Fever 

of 

105° F.i 



Sex. 

Age. 

before 



Involve- 

Remarks. 


treat- 

ment. 

Gon. 

Arth. 

ment. 




K. S. 

F 

29 

+ 

lyr. 

1 da. 

Hip 

48 

First treatment within 

! 

1 

1 

i 


j 

' 1 

1 

i - 

24 hr. of first pain; de- 
veloped joint damage 
by Roentgen ray under 
treatment; treatment 
continued for cure of 
infection; result: pain- 



i 

1 

I 

i 

1 

i 





' 1 

1 

! 


less joint motion from 
complete extension to 
90 degrees flexion. 

A. G. 

M 

25 

+ 

4 wk. 

3 w'k. 

i Foot 

5 

Roentgen ray showed 









destruction; treatment 
stopped for unoontrol- 


1 




1 



led hyperpjnrexia; foot 
slightly tender. 

M. M. 

F 

16 


16 “ 

13 “ 

! 

Hip 

20 

Vaginal discharge, 4 wk.; 
smear: much pus, no 
definite gonoo. ; Roent- 


t 


1 





gen ray before treats 
ment: haziness and 


! 

1 




1 

1 

i 


i 

narrowed joint space; 
kept in bed 4 wk. after 
relief of joint pain for 
recalcification; motion. 







1 

i 

180 to 90^deg.; walked 
with slight limp. 

V. S. 

M 

27 

+ 

6 “ 

5 “ 

Ankles 

40 

Gonoc. iritis promptly 



1 ^ 


! 

i 

Heels 1 

j 


relieved; ankle cured; 
one heel tender. 

L. S. 

M 

2S 


10 “ 

6 “ 

Ankles 

29 

Wrist cured; one ankle 




AVrist 


slightly tender. 

W. B. 

M 

30 

4* 

Denied 

6 “ 1 

Wrist 

32 

Roentgen ray before 






Hand 


treatment showed joint 
destruction; complete 
relief of pain and ten- 
derness. 


C. R. 

F 

19 

+ 

10 wk. 

C “ 

Knee 

10 

Roentgen ray showed 




Hip 


destruction before 
treatment; complete 











j 

relief of pain and ten- 
derness; partial motion 








1 

of hip, normal of knee. 

W. R. 

M 


+ 

9 “ 

7 “ 

Foot 

7 

Severe pain relieved; 





slight residual tender- 









ness. 

R. K. 

M 

i 

23 

1 

1 

10 " 

1 

1 

8 “ 

1 

i 

Knee 

8 

Joint culture positive; 
pain had subsided; be- 
fore treatment, motion 
nil, after 180 to 90 deg. 
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a longer time when treated than did those in the previous group. 
The significance of this delay is suggested by the fact that 4 patients 
showed Eoentgen ray signs of joint damage before fever therapy 
was employed. That prompt fever treatment does not ahvays 
protect against joint damage is illustrated by the first patient 
(K. S.). The onset of her arthritis was quite sudden and very 
painful and she had her first fever treatment, 5 hours about 106 ° F., 
within 24 hours of the first joint symptom. She had only partial 
relief of pain. The second treatment had to be delayed 13 days 
because of burns. Fever treatments in this case were continued 
after the joint condition became stationary in a successful effort 
to render her cervical smears negative for gonococci. 

One patient (W. B.) showed definite destruction of bones of the 
wrist by Eoentgen ray and had incision and drainage of suppurating 
tendon sheaths of the wrist before treatment. The wrist, hand and 
fingers were extremely tender and immovable. Fever therapj’’ 
relieved the pain and tenderness completely and he regained partial 
mobility of the wrist, hand and fingers. This is all that could pos- 
sibly be expected from any treatment, perhaps, under the circum- 


Tadle 3.— Acute Gonoreheal Arthritis With Doubtful Relief. 
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D. A. 

F 

• 

IS 

! 
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1 wk. 

Knee 

15 

Joint culture positive; Roent- 
gen ray before showed dam- 
age; relief of pain and ten- 
derness; motion limited to 
30 degrees. 

,J. B. 

M 


+ 

1 “ 

Knee 

G 

No relief; refused further 
treatment. 

R. S. 

M 

34 

+ 

! 2 “ 

j 

Knee 

6 

No relief; refused further 
treatment. 

A. K. 

F 

28 

+ 

2 “ 

Wrist 

15 

Tenderness and swelling re- 
lieved; Roentgen ray before 
treatment negative 1 month 
later; severe demineraliza- 
tion. 

L. J. 

F 

43 

+ 

2 “ 

Knee 

15 

Gradual relief of pain and 
tenderness. 

C. L. 

M 

17 

+ 

2 “ 

Wrist 

13 

Gradual relief of pain and 
tenderness but motion limit- 
ed; developed Roentgen ray 
destruction under treatment. 

B. K. 

M 

23 

+ 

4 “ 

Knee 

10 

Refused further treatment. 

J. B. 

M 

55 


0 “ 

Hand 

Ankle 

Knee 

30 

Gradual relief of pain and 
tenderness; joint culture was 
positive; Roentgen ray de- 
struction under treatment. 

L. W. 

M ■ 

44 

i 

i 

1 

; + 

j 

7 “ 

Knee 

Ankle 

3 

Treatment discontinued be- 
cause of circulatory collapse; 

, further treatments not given. 
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stances. In 3 cases (K. S., C. R. and M. M.) the severity of the 
joint symptoms and Roentgen ray appearance suggested that bony 
ankylosis was to be expected, but all the patients were discharged 
with painless movable joints for which fever therapy seems respon- 
sible. Four patients (V. S., L. S., W. R., and A. G.) noted relief 
of severe pain but continued to suffer moderate and prolonged 
tenderness with definite limitation of motion which further fever 
therapy did not relieve. R. JC. had marked improvement in func- 
tion which further treatment might have increased but he insisted 
on his discharge. 

Table 3 includes 10 patients who received no benefit from fever 
therapy. Though several of these patients showed some improve- 
ment under our observation, this was so slight in amount and so 
slow in appearance that it can be explained satisfactorily as the 
natural evolution of the disease. In contrast to the general experi- 
ence, these patients noted little or no relief of pain during or directly 
after fever therapy. In only 2 cases (D. A. and L. J.) was there 
Roentgen raj'- evidence of joint damage prior to fever treatment, 
while 4 (A. K., C. L., H. D. and M. I.) developed such damage after 
fever therapj'- was started. Five patients were inadequately treated 
because thej' refused further treatment or because their reaction 
under therapj^ made further treatment seem inadvisable. 

Table 4 includes 9 patients suffering with chronic manifestations 
of gonorrheal joint disease. The members of this group differed 
materially from those previouslj^ discussed. Acute pain had long 
since passed or had never been prominent, the joint sj^mptoms were 
dominated by intermittent soreness or tenderness often relieved bj'- 
exercise and without evidence of joint damage. Eight of these 
patients noted tenderness at the point of the heel which made walk- 


Table 4. — Chbonic Gonohbheai. Arthritis. 
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<i 
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5 
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12 
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13 
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U 
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M 

i 

1 

j 
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tl 
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ing very difficult at times. Four patients had complete relief with 
a single treatment and 1 nearly complete. The latter patient was 
treated recently and will have fiu'ther therapy. Substantial benefit 
was seen in another patient who suffered severe abdominal cramps 
during fever treatment which had to be discontinued after 1 hour 
of fever. Two other patients received only partial help with what 
was considered adequate therapjL One patient received no benefit. 

Amount of Fever Therapy. A considerable variation is noted in 
the number of hours of fever which the patients received since some 
responded more rapidly than others. The longest duration of fever 
in a patient in Table 1 was 30 hours. Eight patients in this group 
required only 5 hours for complete relief and the average for the 
group was about 10, Of the group with partial relief, 1 patient 
r^eceived 48 hours of fever therapjL This was about twice as 
much as was indicated for joint symptoms, but treatment was eon- 
tinued until cervical smears beeame negative. The average treat- 
ment for this group was 21 hours, twice as much as in the previous 
one. The third group, which noted little, if any, relief, received 
an average of 12 hours, a figure notably reduced by the number 
of patients who refused further treatment or whom we preferred to 
discontinue. The group of chronic patients had an average of 
about 6' hours of fever. Treatment of 3 of these patients had to be 
discontinued (J. K, after 2 hours because of delirium, due to sodium 
amytal, J, S. after 3 hours because of persistently high pulse, and 
W. G. because of abdominal eramps). Despite such short treat- 
ments the first 2 of these patients received complete relief and the 
third partial relief. In successful cases it appears that tender heels 
may be relieved by fevers of short duration. 

Effect on Other Symptoms. No routine attempt was made to 
cure the genital infection in arthritic patients. At the beginning 
of our experience with but one cabinet available, the press of new 
patients was so great that we did not feel justified in attempting 
to cure the genital lesion. Now with greater capacity, it is found 
that relatively few of our patients wish to submit to further treat- 
ments after the arthritic symptoms have subsided. Inasmuch as 
arthritis has been our main consideration, there has been no great 
pressure brought to bear on the patients. In 5 cases, definite 
efforts were made to effect a bacteriologic cure of the genital infec- 
tion. In 1 case of arthritis, cervical smears became negative after 
48 hours of fever and remained so during a 2 months’ period. 
This patient also had tender masses on pelvic examination which 
disappeared. Tavo men without joint symptoms, 1 with prostatitis 
and urethritis and 1 with- prostatitis and epididymitis Avere cured of 
all symptoms and discharged; shreds disappeared from the urine 
and prostatic smears shoAA'ed only occasional pus cells AA-ithout 
organisms during a period of 3 and 5 months that they were followed 
after treatment. The first patient had 1 5 hours of fcA'er in 3 treat- 
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ments, the other 6 hours in 1 treatment. Another patient with 
urethritis and epidid 5 '^mitis received sjTnptomatic relief and had 
negative smears after 10 hours of fever in 2 treatments. He 
unfortunatelj^ was not followed. One woman still had positive 
cervical smears after 40 hours of feAmr of about 106 ° F. Treatment 
of another patient with urethritis and epididymitis was discontinued 
after 1 hour because of delirium and circulatory collapse. 

Of the series of arthritics, 4 had gonorrheal conjunctivitis and 
1 had iritis. These conditions were relieved in every case during 
fever treatment for arthritis. The pain, swelling and inj’ection 
usuallj’' disappeared promptly and the discharge subsided after 
several treatments. These patients escaped without corneal 
opacities. The patient with iritis was promptly relieved and now 
has no ocular sj'’mptoms, although adhesions did persist which are 
evident only after dilatation of the pupil with atropin. 

Complications. Because of the severitj^ of the treatments used, 
the hazards, complications and accidents encountered in the fever 
treatment of gonorrhea are much more common and serious than 
those seen in the treatment of other conditions. The patient 
requires larger doses of sedatives, Cj'-anosis occasionally develops 
from the use of morphin, but this is localized to the head and neck 
which are outside of the cabinet, the rest of the body retaining the 
deep flush so consistently present. Cyanosis occurs only when the 
patient dozes off to sleep and is promptly relieiTd by awakening 
him. The most serious effect of overdosage with morphin is dim- 
inished pulmonary I'^entilation, which seems to be adequately coun- 
terbalanced by the respiratory stimulation caused by heating the 
skin. Such respiratory stimulation at times induces sufficient hj^per- 
ventilation to cause alkalosis and tetany. • This occurs shortlj^ after 
the patient enters the cabinet and is still without blanket covering. 
It is manifest by numbness and tingling of the hands and fingers 
and rarely by carpopedal spasm. Belief is obtained in a few 
minutes by lowering the cabinet air temperature slightly. Calcium 
gluconate intravenously is very promptly effective. 

Occasionally, patients are encountered who become delirious, 
hyperactive or even maniacal from sodium amytal. Six grains is 
usually given before treatment. Inasmuch as this seems at times to 
be an exciting dose, an additional 3 grains is often beneficial for 
restlessness. If the patient becomes more restless and thrashes 
around in the cabinet, his temperature promptly rises to a higher 
level. With a temperature of 106.5® to 107® F. ver.v little muscular 
activity is sufficient to produce an alarming fever in a very short 
time, 'with this additional fever deep coma may ensue, associated 
with a very rapid pulse, 180 to 200, a profound fall in peripheral 
blood pressure and a condition which appears similar to profound 
surgical shock save for the extreme warmth of the skin. Caffein 
sodium benzoate, adrenalin and 50 cc. of 50% glucose solution 
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intravenously cause a rise in blood pressure and slowing of the 
pulse. The patient gradually recovers consciousness as the tem- 
perature falls. Mild disorientation, extreme lassitude and severe 
headache followed later by nausea may ensue for 6 to 24 hours. 
Dehydration is severe and is partly due to vomiting. ' 

The most serious experience of this kind occurred while treating 
a patient with prostatitis and epididymitis. The sequence of events 
was about as described above, except that he remained mildly dis- 
oriented and complained of a severe headache. His blood pressure 
varied between 60 and 80 mm. Hg. Six hours after removal from 
the cabinet he had a severe epileptiform seizure for about 10 minutes 
following which he was noted to have a facial paralysis and aphasia, 
which completely disappeared in about 2 weeks. Two other patients 
suffered similar complications in milder form, neither showing evi- 
dence of organic cerebral complications. Further fever therapy 
was not attempted on these patients. Two other individual treat- 
ments were discontinued because of sodium amytal delirium, but 
the patients later had satisfactory sessions. 

It seems remarkable that the delirium of fever which is frequently 
seen in diseases at much lower temperatures is so rarely encountered 
in patients receiving artificial fever therapy. Many patients exliibit 
a very delicate limit of fever, varying from individual to individual, 
beyond which they become definitely disoriented. For example, 
we had 1 patient who maintained a perfectly clear sensorium at 
106.8° F., but who became disoriented when the temperature rose 
to 107.2° F. Indeed, some patients ma}’’ become disoriented with 
temperatures as low as 105.8° F. A few patients have remained 
lucid for considerable periods, from 15 to 30 minutes, at 107.5° F. 
We have been unable regularly to maintain the fever at such a 
constant level as has been described in other reports. 

The ability of a patient to tolerate a definite level of fever seems 
to be inherent and fixed without evidence that it is increased by 
practice or decreased by fatigue. Individual patients have demon- 
strated the tolerance for fever at the same level on repeated treat- 
ments. It seems significant, also, that the patients who collapsed 
did so at their first treatment before or just as the desired tempera- 
ture level was reached. A definite opinion has been formed by 
members of the department, based on experience, that if all is well 
by 11 A.M., no trouble is to be encountered that day. 

Skin burns and blisters occur in a considerable number of patients 
in spite of the fact that the Kettering hypertherm contains no con- 
tact coils, electrodes or heating elements in the cabinet proper with 
which it is possible for any part of the patient’s body to come in 
contact. These are the result of thermic injury'- of the skin due to 
hot air. This is not so surprising as one might think for air tem- 
peratures of 150° F. or higher may have to be maintained for 6 or 
7 hours during some treatments. Certain patients tolerate this 
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exposure without difficulty but others, particularly those with 
delicately textured and fair complexioned skins, develop an intense 
erythema which later becomes mottled with white or ischemic areas. 
As such areas appear, they are massaged or kneaded gently and 
protected vdth extra pads in an effort to avert blister formation, 
and when such seem imminent, the treatment is terminated. Not 
infrequently blisters do not become evident until the following daj'. 
Patients, with gonorrhea are warned of the possibility of burning 
as such' accidents occur in about one-third of the patients. 

As a rule, bums are only of the first degree and heal without 
scars, but it is desirable to avoid them for they necessitate curtailing 
the treatment or delaj'ing the following one. Certain areas of the 
skin are particularly prone to blister. The toes, feet and lower legs 
are protected at all times by outing flannel boots and, therefore, 
cause very little trouble. Skin, where it is stretched over bony 
prominences such as the anterior-superior spines of the ilia and lower 
border of the ribs, is especially \mlnerable as is that covering ab- 
dominal scars or pendulous breasts. Other parts where burns develop 
include the anteromedial aspects of the thighs, across the upper 
chest and the anterior aspects of the upper arms. 

Herpes labialis develops in about one-third of the patients and 
frequently is extensive, involving the lips and skin about the mouth 
and chin, the labial portion of the buccal mucosa but rarely the 
mucosa of the hard palate. It usually becomes evident from the 
third to the fifth day following therapy, lasts about 5 days, invari- 
ably heals without leaving scars and occurs only after the first 
treatment. 

The most common difficulty of patients with gonorrhea after 
fever treatments include nausea, vomiting and anorexia. Most 
patients notice nausea directly after treatment which may persist 
for 12 to 24 hours. Vomiting may occur upon removal from the 
cabinet, but usually is delayed until the patient is moved to the 
ward or gets up to go home. It may occur after supper if this is 
attempted on the treatment day. Occasionally patients are hungrj'^ 
and eat well at supper time, but many lack all interest in food until 
the following noon. They are urged to eat as soon as thej^ feel a 
desire for food. 

Rationale. The efl’ectiveness of high temperatures as a gono- 
coccocide has long been recognized and innumerable examples of 
the curative effects of severe fever from spontaneous disease upon 
preexisting gonococcal infections have been reported in the litera- 
ture.^'" It remained for the work of Carpenter^'® and his asso- 
ciates to demonstrate laboratory confirmation of this observed 
clinical fact. By in vitro experiments with 130 different strains of 
gonococci, they found it required from 6 to 27 hours in an incubator 
at 106.5“ F. for complete sterilization of the various cultures. 
They noted further that slight reductions in incubator temperatures 
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resulted in a marked increase in the time required for sterilization. 
They have evidence to suggest that the gonococcus becomes more 
heat-resistant noth repeated non-lethal exposure to high tempera- 
tures. These workers report that 11 patients with gonorrhea, who 
were given a single fever treatment of 106.5° F. maintained for a 
period equal to the thermal death time of their particular strain 
of the gonococcus, noted an immediate subsidence of all symptoms 
and had a bacteriologic cure. The fact that 9 other patients noted 
similar results with fever treatment of from one-fourth to three- 
fourths of the thermal death time suggests that bodily mechanisms 
of defense often are called into action to produce a cure. 

In view of the above facts, a study of the cases here reported 
indicates that it is extremely unlikely that the thermal death time 
was equalled in many cases, even though joint symptoms were 
controlled. In only a few cases does it seem lilcely that the genital 
focus of infection was cured. This suggests that metastatic gonor- 
rheal infection in joints is more vulnerable to sterilization from direct 
heat or defense mechanisms of the body than is the primary genital 
infection. 

In attempting to analyze the value of artificial fever in the treat- 
ment of gonorrheal arthritis, reference must be made to the expec- 
tancy of spontaneous remission in the disease. We are not aware 
of statistical studies on this subject, but we are convinced that a 
significant proportion of cases attain a satisfactory result without 
medical intervention. We have no idea what this proportion may be. 
Anyone familiar with this disease can recall even severe cases which 
recovered following only bed rest or joint protection during the 
acute stage. In a study of sjmovial fluid, Mj’^ers et al.^ state that 
25% of 33 patients became well following gonococcal arthritis and 
noted a direct relationship between prognosis and cell count of the 
synovial fluid. These cases were of sufficient severity to have fluid 
in the joints which could be removed by tapping. No mention is 
made of the therapy employed. 

The experiences recorded in this paper have convinced the 
authors that fever therapy constitutes a practical, safe and satis- 
factory method of treatment in gonorrheal arthritis, producing cure 
or relief for a high percentage of patients treated and reducing 
markedly the period of disability and discomfort attendant with 
this disease. The treatment is highly technical and not to be 
undertaken without careful supervision by a trained personnel. It is 
not without hazard and disagreeable complications seem unavoidable. 

Summary. Fifty cases of gonorrheal arthritis, treated with 
artificial fever (105° to 107° P. from 1 to 4S hours) in the Kettering 
hypertherm are reported. Of these patients, 26 (54%) were relieved 
of all joint symptoms, 11 (22%) received benefit, while 13 (26%) 
were not helped. The apparatus and procedures are described in 
detail, mention is made of the common complications encountered. 
The rationale of fever therapy in gonorrheal arthritis is discussed. 
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The relationship between arterial bj'pertension and increased 
cerebrospinal fluid pressure lias been noted by many investigators 
since Traube’s obsert'^ations in the year 1871.i Yet a review of the 
literature on the subject up to recent times shows that there was 
no unanimity of opinion concerning the correspondence of the pres- 
sure changes in the tv'o systems. Recently, however, Shelburne, 
Blain, and O’Hare- have pointed out that there is an almost constant 
association between an excessively high diastolic lilood pressure, 
and an increase in the spinal fluid pressure. They have shovTi further 
that there is a relationship between the cerebrospinal fluid pressure, 
a high diastolic blood pressure, and papilledema. They found in- 

* Presented at the Eighth Annual Meeting of the Central .Society for Clinical 
Hesciirch, Chicago, November 2, 1935. 
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creased intracranial pressure more often associated with high dias- 
tolic blood pressure but felt that both were probably the results 
of some common factor, neither caused by the other. The results 
of their study were in harmony Avith those published later by Picker- 
ing.^ He concluded that there is a relationship betAveen high dias- 
tolic blood pressure and high cerebrospinal fluid pressure and sug- 
gested that the former is one of tlie factors determining the latter. 

From clinical obseiwations it may be concluded that in patients 
AAuth excessh'-ely high blood pressures the most aggravating symp- 
toms often refractory to treatment are those not of renal failure, 
but of edema of the brain and inereased intracranial pressure. 
The headache, nausea and vomiting, vertigo, and the disturbances 
of Ausion associated with papilledema are evidences of increased 
intracranial pressure and are often the prodromes of convulswe 
seizures. In such cases spinal fluid pressure is usually considerably 
eleA'^ated and commonly the diastolic blood pressure is 130 mm. of Hg. 
or above. Autopsies in such cases show the brain is edematous, 
pale, and bloodless. Although there are other theories concerning 
the production of these symptoms I^oUiard^ prefers to consider 
edema of the brain as the most important factor. 

For the relief of intracranial pressure of nephritis and of hyper- 
tension, several methods have been employed. For example, in 
1908, Cushing and Bordley® performed subtemporal decompression 
in such cases for the reduction of cerebrospinal fluid pressure. They 
noted marked improvement in the general condition of the patient 
and particularly an improvement in the Adsual acuity. Lumbar 
puncture has been used for relief of symptoms but it has been shown 
by Shelburne, Blain, and OTdare,^ and by such authors as Volhard^ 
and Blackfan and Hamilton® that serious unfuAmrlible results may 
folloAv spinal puncture. The release of the pressure may cause the 
medulla oblongata to become pressed into the foramen magnum and 
lead to respiratory failure and death. 

When it AA^as discoA^ered experimentally by Weed and McICibben,^ 
in 1919, that hypertonic salt solution and hypertonic glucose solution 
given intraA’^enously AAmuld cause a reduction of brain fluid Amlume 
and spinal fluid pressure, the clinical application of this discoA^erj^ 
soon folloAA'ed. The first clinical report AA^as made by Haden® who 
used a 40% solution of glucose for the treatment of intracranial 
pressure in cases of meningitis. The results were fuAmrable. The 
A’^alue of these hypertonic solutions was more greatly appreciated 
by surgeons than by internists and their chief clinical use has been 
in the field of surgery in the treatment of increased intracranial 
pressure produced by acute and clmonic lesions within the cranial 
caAuty itself. 

Hypertonic saline solutions were shoAATi to reduce spinal fluid 
pressure but later Avere found to be toxic by Browder® aa'Iio claimed 
there AAns danger in the use of them. Blackfan and Hamilton® 
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emploj^ed magnesium sulphate for the reduction of intracranial 
pressure. Fay^® advocated giving magnesium sulphate by mouth 
for the same purpose in treating patients with intracranial lesions. 

. Hj'pertonic glucose solution has been uddely used and advocated 
for this purpose, especially bj'- Feet” who used intravenously 50% 
solution daily. The value of hj^iertonic glucose solution in such 
cases has been questioned by several authors among whom are 
Milles and Hurwitz/® Jackson, Kutsunai, Leader and Joseph.'® 
In their opinions the reduction of cerebrospinal fluid pressure with 
hypertonic glucose solution is transient and within a period of 3 
hours a secondary rise above the basic level occurs. They concluded 
that the use of such a measure carries an obvious danger. 

Bullock, Gregersen and Kinney,'* in an experimental study, com- 
pared the effects of intravenouslj'- injected glucose, sodium chloi-id, 
and sucrose upon the cerebrospinal fluid pressure. They found that 
the intravenous injection of 50% glucose solution and 30% sodium 
chlorid reduced the spinal fluid pressure for 2 to 3 hours; the pres- 
sure then rose above the control level Hypertonic (50%) sucrose 
injected intravenously reduced the spinal fluid pressure in dogs for 
from 5 to 8 hours without causing a secondary rise exceeding the 
initial pressure. Thej'' explain that this effect is because of the 
increased osmotic pressure of the blood. It remains in the blood 
longer than glucose or sodium chlorid solutions and has a more pro- 
longed effect because it is not broken doum or utilized as is glucose 
nor on the other hand is it stored in the tissues as is sodium chlorid. 
Pronounced diuresis follows sucrose injections and this eliminates 
the sucrose as well as fluid withdrawn from the tissues. The excre- 
tion and utilization of sucrose when injected intravenous!}' were 
studied by Keith and his associates.'® They found that in normal 
persons 97 to 98% of sucrose was excreted in the urine in 24 hours. 
In contrast to the rapid excretion of sucrose by the normal person, 
they found that in patients with renal insufficiency there was a delay 
in excretion. In spite of the delay the total amount recovered was 
88 to 99%. 

Recently Masserman'® presented evidence to show that when 
h}q)ertonic solution of glucose in effective amount and concentration 
" is given intravenously for the purpose, of reducing intracranial 
pressure the reduction of cerebrospinal fluid pressure may be fol- 
lowed by a period of increased intracranial pressure and by a number 
of unfavorable signs and sjnnptoms. In an attempt to find a non- 
toxic substance whose osmotic action would not be complicated 
by these unfavorable sequelfe he investigated the effects of intra- 
venous h}'pertonic solution of sucrose. He concluded that a 50% 
solution of sucrose was satisfactorj^ for clinical use and that as high 
as 500 cc. of this solution may be given intravenously v'ithout any 
toxic or other untoward s\Tnptoms. The desired reduction in intra- 
cranial pressure was obtained and the effect was greater and more 
prolonged than that of glucose solution. Masserman noted that a 
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marked diuresis followed the use of sucrose solution. Pie suggested 
the use of this measure to reduce intracranial hypertension in 
medical and surgical cases. 

Clinical Observations. 'With these observations on cerebrospinal 
fluid pressures in hypertensives in mind, and in view of the favorable 
effects of hj^ertonic sucrose solution in other types of cases, we 
were led to attempt to obtain temporary relief of symptoms of in- 
tracranial pressure of hjToertensives by daily intravenous injections 
of hjTiertonic sucrose solution. The purpose of this report is to 
present the effects of giving patients with hypertension 50% sucrose 
solution intravenously. Especial attention is given to the influence 
of the injections upon the spinal fluid pressure, blood pressure, eye- 
ground changes, and the clinical course of the disease. In all, 21 
cases of hjToertension were selected: 10 had essential benign hjrper- 
tension, 7 had malignant hypertension, and 4 were cases of chronic 
glomerular nephritis. Spinal fluid pressure readings were made with 
an Ayer water manometer. A reading of less than 200 mm. was 
considered normal. 


TTable 1. — Clinical Data in 10 Cases of Benign Hypektension. 


Case, 

Ago, 

Blood 

pressure, 

CSF 

pressure. 

Papill- 

Renal 

Cardiac 

yrs. 

mm. Hg. 

mm. water. 

edema. 

failure. 

failure. 

1 . . . 

. 48 

190/100 

126 

0 

Mild 

Advanced 

2 , 

. 38 

180/110 

90 

0 

0 

Moderate 

3 . . . 

. 57 

200/110 

215 

0 

0 

Mild 

4 . . . 

. 44 

200/145 

205 

+ 

Mild 

Advanced 

5 . . . 

. 30 

196/134 

250 

0 

0 

Mild 

6 . . . 

. 53 

230/100 

250 

0 

Mild 

Advanced 

>-r 

* • 

. 28 

240/110 

130 

0 

Severe 

Advanced 

8 . . . 

. 49 

224/120 

185 

0 

0 

0 

9 . . . 

. 51 

210/125 

178 

0 

0 

IMild 

10 . . . 

. 48 

215/110 

195 

0 

0 

0 


In Table 1 the clinical features of the group of benign hyperten- 
sives are tabulated. It is seen that no decided increase in intra- 
spinal pressure was present in most cases. Exceptions, however, 
are seen in Cases 5 and 6. Although the diastolic blood pressures 
and cerebrospinal fluid pressures are elevated, no papilledema was 
found. These cases show that no constant relationship exists be- 
tween high diastolic blood pressure and increased cerebrospinal 
fluid pressure. 

Table 2. — Clinical Data in 7 Cases of Malignant Hypertension . and in 
4 Cases of CnRON^c Glomerular Nephritis. 


Case. 

.“tgo. 

Diagnosis. 

Blood 

pressure, 

CSF 

pressure. 

Papill- 

Renal 

Cardiac 

yrs. 

mm. Hg. 

mm. water. 

edema. 

failure. 

failure. 

11 

37 

Malig. liyper. 

200/1-10 

350 

+ + 

Advanced 

Advanced 

12 

50 

Malig. hyper. 

200/130 

2.50 

+ + 

Mild 

Advaivccd 

13 

-13 

-IS 

iilnlig. hyper. 

250/1-10 

250 

+ + 

MUd 

Advanced 

H 

Malig. hJ^)er. 

1S2/120 

27.5 

+ + 

Aloderntc 

Advanced 

lo 

•15 

Premalig. hJ^)er. 

210/12.5 

350 

0 

Moderate 

^loderatc 

10 

39 

Maljg. hj-per. 

230/190 

200 

+ 4- 

Advanced 

Ad^ anced 

17 

5S 

•10 

Malig. hyper. 

200/110 

200 

+ + 

^ hlild 

Advanced 

IS 

Chr. glorn. neplir. 

210/1.50 

150 

+ + 

Advanced 

Advanced 

19 

30 

Chr. glom. neplir. 

1 SO/1 10 

250 

+ + 

Advanced 

0 

20 

2S 

3S 

Chr. glom. iicphr. 

ISO/100 

210/150 

200 • 

+ + 

Advanced 

Advanced 

21 

Chr. glom. nephr. 

350 

+ + 

Advanced 

Mild 
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Graph 1.— The effect of intravenous sucrose on spinal fluid pressure and blood 
pressure in malignant hypertension. 

in all except one case. Within 3 hours folloiving the injection, spinal fluid 
pressure was reduced to a level of 40 mm. of water. Within from 3 to 24 
hours, a gradual rise to basic level occurred. 

In every case there was a prompt diuresis within 2 hours, although this 
was less pronounced in the nephritics than in the otiiers. Headache, rest- 
lessness, nausea and vomiting were relieved. In no case was there a pro- 
nounced deviation of blood pressure from the original level. In no case 
were there any unfavorable effects of the treatment and the clinical condition 
of the patient seemed to be improved. 

Comment. Patients with nephritis and those with hypertension 
of the malignant form frequently have signs and symptoms of 
increased intracranial pressure. The most distressing symptoms in 
this period are closely related to and probably caused by the increase 
of intracranial pressure. Uremic commlsions are associated with 
a very high diastolic blood pressure and an increased intracranial 
pressure. In the management of such cases it is desirable to reduce 
the spinal fluid pressure, in order to forestall convulsions and relieve 
s;^Tnptoms and to promote diuresis for prevention of genuine uremic 
coma. From the experimental and clinical experiences of other 
workers, it is evident that a substance is desirable which will accom- 
plish these results when given intravenously. To be of clinical 
value such a solution should have the following properties; 1, it 
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miist be non-toxic when given in large doses of high concentration; 
2, it must reduce spinal fluid pressure, sustain the low pressure for 
hours or days and must not cause a secondary rise above the basic 
level; 3, it should produce a prompt diuresis for the elimination of 
fluid is necessary for the reduction of spinal fluid and also for the 
prevention of retention of nitrogen products. According to the in- 
vestigative work of Bullock, Gregersen, and Kinney^ and of Masser- 
man,” sucrose fulfills these conditions. It must be kept in mind 
that unless caution is used the intravenous injection of anj'- lijper- 
tonic solution may be followed by unfavorable reactions. In 
cases of hiTrertension the heart may become embarrassed by the 
sudden increase of fluid in the vascular system. It may be noted 
that in our work we have used doses as large as 300 to 500 cc. of 50% 
solution intravenously without untoward effects. We believe it 
must be given slowly and the injection stopped at the first sign of 
disagreeable effects. To emphasize the non-toxic effects of sucrose, 
Bullock received 3 gm. per kg. body weight (432 cc. 50% solution) 
intravenously in 2 hours. There was no sj'mptoin except thirst, 
which was relieved on drinking water. 

The effects of this therapeutic measure in our clinical work con- 
forms fairly closely with those obtained by the above-mentioned 
research students. The prompt reduction of spinal fluid pressure 
without a subsequent secondarj’- rise above the basic level, the 
relief from grave symptoms as headache, vomiting and vertigo, the 
prompt diuresis and the freedom from toxic reactions were features 
that encouraged us to apply this method in our work and to report the 
results. One of the chief recommendations of sucrose solution is that 
on repeated injections, no unfavorable results were noted in any case. 

Summary. 1. A study is reported of the cerebrospinal fluid 
pressure and blood pressure of 21 cases of chronic l^jqjertension. 

2. There is not an exkct correspondence between an elevation of 
cerebrospinal fluid pressure, papilledema and an excessively high 
diastolic blood pressure, but there is a close association between 
the three in most cases. 

3. The effects of administering a 50% solution of sucrose intra- 
venously are given. ^%en 300 to 500 cc. of the solution are injected 
there is a prompt and prolonged reduction of spinal fluid pressure 
followed by a gradual return to the basic level in from 8 to 12 hours, 

4. A prompt and profuse diuresis follows the injection; it begins 
about 2 hours after the injection and continues usually for 6 hours. 

5. In this series of cases no unfavorable results were noted follow- 
ing the use of sucrose solution. Clinically, the patients were im- 
proved. 

6. Intravenous injection of hjiiertonic (50%) sucrose solution 
is effective in reducing.the elevated spinal fluid pressure that occurs 
in advanced arterial hj-pertension; diuresis is established and the 
aggravating sj-mptoms such as headache, vomiting, vertigo, twitch- 
ing, and dizziness, have been relieved. 
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A CASE OF CEREBRAL DEGENERATION WITH ENCEPHALO- 
GRAPHIC STUDY EIGHT YEARS AFTER COBIMON 
CAROTID LIGATION.* 

By Herjlyn Wortis, M.D., 

RESIDENT NEUROLOGIST, BELLEVUE HOSPITAL, NEW YORK CITY. 

(From the Department of Neurology.) 

Since Benjamin Travers first ligated the common carotid artery 
for the treatment of pulsating exophthalmos, this condition and its 
treatment have continued to interest the medical profession. 
Dandy, Matas, Kolodny, deSchweinitz and Holloway, Fuchs and 
others have studied the various therapeutic measures aimed at 
curing this condition. 

* Presented at the New York Academy of Medicine, IMooting of the New Y'ork 
Neurological .“Society, Deccmlicr 3, 1935. 





Fig. 1. — Anteroposterior view; Shoiving the marked dilatation of the anterior 
horn of the left lateral ventricle with an increase in the markings over the surface of 
the left cortex. 



Fig. 2.— Posterio-anterior view: Showing the dilatation of the posterior horn of the 

left lateral ventricle. 



Fig. 3. — Right lateral ^^ow: Showing the dilated left lateral ventricle. 
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trophic edematous changes, most marked peripherally. She understood 
perfectly the spoken and written word. Her speech was slow and when 
she became tired or confused she developed a typical anomia Avhich was not 
present at any other time. 

No bruit could be hard anywhere over the head. 

Her psychiatric survey is of interest. The patient has shown marked 
intellectual impairment since operation. She is no longer able to carry on 
her duties as a housewife and is almost completely dependent on her chil- 
dren. She has been picked up on street cars, wandering aimlessly about 
and completely amnesic. Her attitude toward her children has changed. 
She has become very demanding and irritable. Her daughter states that 
the patient has attempted suicide on two occasions — “never with any 
serious intent, but merely to attract attention to herself.” Her mood 
during her hospital stay varied from that of a very cooperative and appre- 
ciative patient, to fits of choleric temper controllable only l^y large doses of 
sedatives. 

Laboratory Data. (Bellevue Hospital, August 15, 1935.) Her blood 
pressure was 135/90 on both arms. Roentgen rays of the skull were normal. 
Six-foot heart plate revealed slight dilatation of the left ventricle. The 
encephalograms were of interest in that they revealed the typical unilateral 
“hydrocephalus ex-vaciio” characteristic of degeneration of one cerebral 
hemisphere. The red blood count was 4,900,000; hemoglobin, 90%; 
leukocytes, 7800 (normal differential count). _ N.P.N., 31; sugar, 87; 
calcium, 10.1; phosphorus, 4. tier spinal fluid contents were normal; 
initial pressure, 100. 

Summary. 1. This record represents an 8-year follow-up of the 
neurologic and mental changes following ligation of the common 
carotid artery for pulsating exophthalmos (traumatic carotid- 
cavernous sinus aneurysm). 

2. The encephalographic study illustrates the degree of brain 
damage which may follow ligation of the common carotid artery. 

3, This case demonstrates the danger of completely ligating the 
common carotid artery Avithout first encouraging the development 
of collateral circulation by digital compression. 

I am indebted to Dr. Foster Kennedy, Director of the Neurological Service at 
Bellevue Hospital, for permission to report this case. 
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EESNIK, JIASON: 


THE EFFECT OF THE INJECTION OF CERTAIN NITROGEN- 

CONTAINING COMPOUNDS INTO THE CISTERNA MAGNA 
ON THE BLOOD PRESSURE OF DOGS. 

By Harry Eesnik, Jr., 

ASSISTANT IN MEDICINE, VANDERBILT UNIVERSITV HOSPITAL, 

AND 

Morton F. Mason, Ph.D., 

INSTRUCTOR IN BIOCHEMISTHT AND RESEARCH ASSISTANT IN MEDICINE, VANDERBILT 
DNIVERSITT HOSPITAL, NASHVILLE, TENN. 

(From the Departments of Medicine and Biochemistry, Vanderbilt University.) 

At one time or another most of the urinary protein derivatives 
have been indicted as responsible for the uremic syndrome. Tlie 
voluminous literature on this subject has been summarized by 
Fishberg,^ who has pointed out that there is no convincing evidence 
to support the idea of the importance of any of these substances in 
.the production of the increase in blood pressure, or of the other 
clinical phenomena which may accompany renal insufficiency. 
Attempts to produce in animals a sjmdrome resembling uremia by 
administering these compounds orally and intravenously have 
resulted in failure. However, we do not believe that such negative 
results can be regarded as conclusive, in view of the fact that we 
have recently observed in acute experiments, increase in blood 
pressure, muscular twitchings, and stertorous breathing following 
the intracisternal administration of certain electrolytes.^ These 
effects were obtained from doses which were entirely ineffective when 
given intravenously. For these reasons it was decided to investigate 
the central action of the nitrogenous “retention” products by inject- 
ing them into the cisterna magna of dogs. 

The effects of urea, uric acid, creatinin, ammonia, amino-acids 
and guanidin have been obsen^ed. The technique employed has 
been described in the previous communication.- The animals were 
anesthetized with sodium pentobarbital. The volume of fluid 
injected intra cisterna II 3 " was in each instance 1 cc. 

Results. Urea. The intracisternal injection of solutions of vari- 
ous strengths up to one-half molar did not cause significant change 
in blood pressure. 

Soclhnn Urate. Saturated aqueous solutions containing approxi- 
mately G millimols per liter (m. mols. p. L.) were ineffecth'e. Incon- 
stant effects were obtained with suspensions. In some instances 
suspensions containing 50 m. mols. p. L. were without effect; in other 
observations pronounced pressor responses occurred from the same 
dose. 

Creathnn. Solutions containing 250 and (500 m. mols. p. L.) were 
ineffective in 4 or 5 observations. The pressor response obtained in 
the fifth instance was apparently due to osmotic alterations as a 
rise in blood pressure was produced by the injection of equimolar 
amounts of sodium chlorid. 
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Amvionia. Constant results were not obtained from the intra- 
cisternal injection of ammonium chlorid. In the majority of in- 
stances this salt was without effect but in several animals pronounced 
and well sustained increase in blood pressure occurred (Fig. la). 
The cause of the variability of the response is unlmown. 

In several instances ammonium salts were given intravenously, 
the lactate being substituted for chlorid in order to avoid acidosis. 
Repeated injections of this salt caused temporary decline in blood 
pressure followed by a more sustained rise (Fig. 15). However, 
pressor responses were not obtained until amounts approaching the 
lethal dose had been given. 
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Fig. 1. — The curve in this and other figures passes from left to right, and the dis- 
tance between two adjacent horizontal lines indicates 20 mm. of mercury. The time 
curve in the lower portion of the record design.atos 6-second intervals. A. Intra- 
cisternal ammonium chlorid caused a marked rise in blood pressure. B. The effect 
of repeated intravenous injections of ammonium lactate is shown. Shortly after the 
last injection the animal died of respiratory paralysis. 


Aviivo-cicids. The concentrations employed of the several com- 
pounds varied Recording to their solubilities. Negative results 
were found with saturated solutions of cystin, cystein liydroclilorid, 
and tyrosin. Consistent pressor effects were not observed after 
intra cisternal injections of d-arginin (100 m.inols p. L.), hi.stidin 
dichlorid (50 m.mols p. L.), glycin (100 m.mols p. L.), leucin (100 
m.mols p. L.), phenyl alanin (100 m.mols p. L.) or d-1 alanin (50 
m.mols p. L.). Striking rise in blood pressure occurred after injec- 
tion of lysin picratc but the response could not be ascribed to the 
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Fig. 2. — The two upper curves {A and B) illustrate the pressure responses to the 
intracistemal administration of aspartic acid and glutamic acid. The three lower 
curves were obtained from a deferent animal, which was at first unresponsive to 
glutamic acid (C). Following the intracistemal administration of phosphate the 
same amino acid caused a rise in blood pressure {D and E). 



Fig. 3. — The upper cun-e shows the absence of response to guanidin hydrochlorid 
administered intravenously, the same dose being cftective when given intracistcrnally 
as shown in the lower curve. 


lysin for picric acid gave similar results. Aspartic acid (30 m.mols 
p. L.) and glutamic acid (50 m.mols p. L.) gave inconstant effects. 
T\nien positive results were obtained with these two amino-acids the 
pressor responses usually lasted for 15 minutes or longer (I* ig. 2) and 
were more persistent although less marked than those obtained 
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from some of the electrolytes investigated in our previous study.^ 
It was found that the injection of calcium salts would lower 
the blood pressure which had been increased by glutamic acid. 
Diminution in the spinal fluid calcium by injecting di-sodium phos- 
phate appeared to increase the pressor effect of glutamic acid (Figs. 
2c, 2d, and 2e). However, calcium salts did not prevent the pressor 
response from a subsequent injection of glutamic acid. 



04 w6 oen KicoeiiAu ucthtl 


CUANlOINe autOHATt <NTIIACI>TC0WAH.T 



Fig. 4. — The time curve iu the lower portion of the record designates 6-second 
intervals. Methyl guanidin sulphate intracisternally caused a slowly developing 
but sustained rise in blood pressure with an increase in respiratory fluctuation. The 
same dose was ineffective when later administered intravenously to the same animal. 



Fig. 5. — The time curve in the lower portion of the record designates 6-second 
intervals. At the onset of the record the blood pressure was rising and the animal 
had developed twitchings following the pre\’ious administration of methyl guanidin. 
Calcium chlorid caused a cessation of muscular twitchings and a fall in blood pressure, 
these effects being reversed by potassium chlorid. [Ordinarilj', intracisternal injec- 
tion of potassium salts is ineffective for several hours following the administration of 
calcium salts.* The record shows that the pre\-ious administration of guanidin inter- 
feres with the inhibitory action of calcium salts.] 


Chianidin. Intracisternal injection of guanidin hydrochlorid 
caused rise in blood pressure when the same dose was ineffective 
intravenously (Fig. 3). Similar results were obtained with methyl 
guanidin sulphate (Fig. 4), which proved effective in smaller dosage 
than the guanidin itself. Intracisternal injections of as little as 
0.2 mg. per kg. of methyl guanidin sulphate caused pronounced rise 
in blood pressure (Fig. .5). 
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The pressure effects of the guanidin compounds were slow in onset 
and often persisted for an hour or more. Marked respiratory 
stimulation and muscular twitchings usually accompanied the rise 
in blood pressure. Calcium salts administered intracisternally co- 
trolled the tndichings and diminished the blood pressure, regardless 
of whether the guanidin had been given intravenously or intra- 
cisternally (Figs. 5 and 6). Similar doses of calcium salts adminis- 
tered intravenously were less effective (Pig. 6). 

The pressor effect of potassium chlorid when administered intra- 
cisternally can ordinarily be prevented by the previous injection 
of calcium salts.^ However, when guanidin was given first the cal- 
cium was no longer effective in this respect (Fig. 5). 

In a series of experiments Mason and Resnik® have shown that 
the lethal dose of calcium salts administered intracisternally to dogs 



Fio. 6. — The time cuire in the lower portion of the record designates 6-second 
intervals. Follomng a large intravenous dose of guanidin there was a marked increase 
in the blood pressure, Intracistemal administration of calcium chlorid produced a 
marked but temporary decline. The same dose of calcium chlorid administered 
intravenously had a less striking effect. 


is in the general region of 0.3 to 0.4 mg. of calcium per kg. of body 
weight. In the present obsen^ations it was found that animals 
which had received guanidin either intravenously or intracisternally 
were able to tolerate larger doses of calcium chlorid. 

Discussion, Of the several compounds investigated consistent 
and striking pressor effects were obtained only with guanidin and 
its methyl derivatives. Inconstant results were encountered with 
sodium urate, ammonia, aspartic acid and glutamic acid. As 
regards uric acid the positive results cannot be regarded as of sig- 
nificance because tbej^ were inconstant and were obtained only 
with suspensions, which may possibly have produced some mechani- 
cal irritation. Although ammonium salts caused pronounced rise 
in blood pressure in some experiments there is no reason to believe 
that they can be concerned in the elcA'ation of blood pressure in 
patients witli renal insufficiency, for the concentration of ammonia 
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in the body fluids never approaches the amounts necessary to cause 
increase in blood pressure in the animals. The same may be said 
of glutamie acid and aspartic acid although the possibility remains 
that under certain conditions the concentration of amino-acids in 
the cells of the nervous system may be greater than that in the body 
fluids. 

It has been clearly shown by other investigators that guanidin 
has a peripheral pressor effect. [The literature on this subject has 
been summarized by Goldblatt and ICarsner^,] On the other hand, 
in our experiments the pressor effects of guanidin and of methyl 
guanidin were more pronounced when these substances were given 
intracisternally than when they were administered intravenously 
in equal dosage. Furthermore, the effects of guanidin were neutral- 
ized by the intracisternal administration of calcium salts in doses 
which were less effective intravenously. These observations indicate 
that under the conditions of our experiments the action of guanidin 
was chiefly central rather than peripheral. 

’The muscular twitchings, stertorous breathing and increase in 
blood pressure observed in the dogs which received guanidin con- 
stituted a symptom complex which was rather similar to that 
observed in many patients with advanced renal insufficiency. 
Whether or not this substance is concerned in the pathogenesis of 
the uremic symptom complex must be decided by future work. 
In such investigations the central as well as the peripheral action 
of guanidin must be taken into account. 

> Summary. The intracisternal injection of urea and creatinin did 
not increase the blood pressure. Uric acid (as sodium urate) and 
ammonia produced inconstant results. Of the several amino acids 
studied positive results were obtained only with aspartic acid and 
glutamic acid. 

Guanidin hydrochlorid and methyl guanidin sulphate, when 
injected into the cisterna magna, caused striking and prolonged rise 
in blood pressure and muscular twitchings. Similar doses adminis- 
tered intravenously were less effective. Intracisternal injection 
of calcium salts diminished the blood pressure and controlled the 
inuscular twitchings previously induced by guanidin. The observa- 
tions indicate that guanidin has, in addition to the peripheral effect 
which has been described by others, a pronounced action on the 
central nervous system. 
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Phosphatase is the term applied to one or more enzymes normally 
present in most tissues of the«body and apparently concerned in 
the metabolism of bone. It is found in relativelj'^ large concentra- 
tions in bone, liver, kidney, and intestinal mucosa. It is also present 
in blood, bile and feces, and occasionally in traces in the urine. 

Robison,^ the first to demonstrate the presence of this enzyme in 
bone and ossifying cartilage, showed its intimate relationship to 
the process of bone formation. Since then it has been studied in the 
blood and its quantitative estimation in blood serum and plasma 
has been of considerable diagnostic value in a limited group of 
pathologic conditions, particularly diseases of bone.^~® The serum 
and plasma phosphatase have been reported to be moderately 
increased in cases of pronounced local bone atrophy, generalized 
osteoporosis and osteomalacia. In the few reported cases of hjqjer- 
parathjToidism the findings are 4 and 5 times the normal. Active 
infantile rickets are found to be associated with very high phos- 
phatase readings, reaching on occasions values from 10 to 13 times 
the normal figures. The greatest elevations have been found in 
florid polyostotic Paget’s disease, in which condition values as high 
as 30 times the normal have been reported. In osteogenic sarcoma, 
metastases to bone and fragilitas ossium the phosphatase va:lue is 
said to be moderately increased. Physiologically, the phosphatase 
content of the blood plasma is slightly increased after the ingestion 
of carbohydrates.® 

Roberts,^ who was among the first systematically to study the 
blood phosphatase in disease states, observed high values in the 3 
cases of jaundice which he had included in his series. He noted, 
moreover, a striking difference in the phosphatase content of the 
plasma of the 2 cases of obstructive and- the 1 case of non-obstructive 
jaundice studied. This observation led him, in a subsequent work,® 
to study the phosphatase values in a series of 52 cases of jaundice, 
21 of which were obstructive, 31 non-obstructive. He concluded 
that by means of the phosphatase level of the blood, “toxic, infec- 
tious and catarrhal jaundice may be readily distinguished from 
jamidice of the obstructive tjqie.” In tins series he found, as others 



ROTHMAN, MERANZE, MERiVNZE: BLOOD PHOSPHATASE 527 

have also, normal phosphatase values in 5 cases of hemolytic jaun- 
dice. Subsequent workers, Bodansky and Jaffe,® Armstrong, King 
and Harris,^® Greene, Shattuck and Kaplowitz,^^ also observed a rise 
of phosphatase value in all cases of jaundice other than that of hemo- 
lytic origin. Bodanskj'^ and Jaffe^ ligated the common bile duct 
of a dog and noted the progressive elevation in the serum phospha- 
tase paralleling the rise in the serum bilirubin. They believed, how- 
ever, that the determination of plasma phosphatase was of no value 
in differentiating between obstructive and non-obstructive jaundice. 

Armstrong, King and Harris^® confirmed these ligation experiments 
in 19 dogs and, after releasing the obstruction in 2 animals, noted a 
return to normal in the phosphatase and bilirubin values. In 1 the 
drop in the plasma phosphatase was immediate, in the other the 
return to a normal phosphatase value was more gradual. They 
believed that this slow return to normal was the result of damage 
to the liver cells incurred during the period of biliary obstruction. 
They also report phosphatase studies in 5 clinical cases of obstruc- 
tive jaundice, obtaining results comparable to those in the experi- 
mental animals whose common bile ducts were ligated. Armstrong 
and King^® later produced a toxic hepatitis in 8 dogs (chloroform, 
phosphorus and toluylendiamin) Avith a resulting elevation in the 
phosphatase values. In 2 other dogs a marked phenylhydrazin 
hemolysis, in accord Avith results of other Avorkers, produced no 
elevation of phosphatase. The elevation of phosphatase which 
developed in the 8 animals Avith toxic hepatitis, however, at no time 
reached the levels obtained in the cases of experimental obstructive 
jaundice, eA’'en in the instances of the most severe IKer damage. 
They concluded from these experimental studies that the test may, 
with further inA'^estigation, become useful in the differential diagnosis 
of jaundice. Greene, Shattuck and KaploAAdtz,“ on the other hand, 
concluded from a series of clinical cases that the test was of no value 
in differentiating betAA^en obstructKe and non-obstructive jaundice. 

It is the purpose of this paper to present clinical data AA’^hich Ave 
believe substantiate Roberts’ original assertion concerning the 
clinical usefulness of phosphatase determinations in the differential 
diagnosis of jaundice. 

It is unnecessary to point out the importance of determining the 
mechanism of the production of jaundice in particular cases, and 
the desirability of arrhdng at some notion of the pathologic state 
of the liver under such conditions. Soffer,^^ in a recent reAneAv of 
Ib'er function tests, has again emphasized the profound inadequacies 
in the present state of our knoAvledge. Though nearly all the IRer 
function tests suggested at A’^arious times haA’^e contributed informa- 
tion of A^alue and, in some instances, haA’^e been of aid in differential 
diagnosis, it is generally agreed, by most authorities, that indn'idu- 
ally and collectKely they fall far short of our needs. We feel that 
the addition of the results of the phosphatase test contributes inform- 
ation of definite Aulue. 
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The classification of jaundice under which we have arranged our 
cases is the following orthodox grouping into: 

1. Obstructive jaundice, f. e., jaundice due to extrahepatic 
obstruction including cases of obstruction due to stones in the 
common bile duct, neoplasm, etc. 

2. Hepato-celiular or non-obstructive jaundice, i. e., jaundice 
resulting from direct injury to the parenchjmial liver cell, or to 
cholangitis, such as is the case in so-called “aaite catarrhal jaun- 
dice.” 

3. Hemolytic jaundice. 

Methods. _ At present several methods are used to detennine the phos- 
phatase activity of the blood.^'*^''®’*^ They are essentially similar in prin- 
ciple. Thej’’ consist in measuring the phosphorus set free as inorganic 
phosphate when the enzjmie present in the blood is allowed to act on a 
phosphoric acid ester substrate under standardized conditions. Some 
methods employ blood serum, others plasma; each varies in the nature of 
the buffer, and time of incubation, and some in the methods employed in 
determining the inorgam'c phosphorus content of the blood. Unfortunately 
there is at present no general agreement among workers in reporting the 
results of phosphatase determinations. The units of measurement in the 
A'arious methods vary. We have employed a slight modification of Roberts” 
method in our present studj' which is practical, simple, time saving and 
entirely satisfactorj" for chnical purposes. The method is as follows; The 
determinations are made on fasting blood. Two cc. of plasma (citrated 
blood) js mixed with 2,3 cc. of distilled water and 0.7 cc. of N/10 sodium 
hydroxid. This produces a pH of approximately 8.9. To this is added 1 cc. 
of a 1% solution of sodium beta-glycerophosphate. The mixture is then 
incubated at 37.5'’ C. for 2 hours, after which its inorganic phosphorus con- 
tent is deteimined by the method of Kske and Subbarow. At the same time 
the initial inorganic phosphorus content of the plasma is determined using 
another 2 cc. of the original blood. Both of these values are determined in 
mgm. per 100 cc. of blood plasma. The difference between these two values 
represents the number of mgm. of inorganic phosphorus hberated by the 
enzjnne, phosphatase, from the substrate under the above conditions. Each 
mgm. thus obtained is e.vpressed as units of phosphatase per 100 cc. of 
blood plasma. 

In addition to the determination of the phosphatase in cases of 
jaundice, during the past 3 years, we have also studied the values 
on a series of cases exhibiting no jaundice and without, as far as we 
Avere able to determine, anj’- appreciable liver damage, or any of the 
other pathologic states known to influence phosphatase values. 
These include 18 cases of cholecystitis with and without stones. 
Table 1 lists the values in these cases. 

Table 1.— PuosrHATASE A'^alves in Cases Without Jav.vbice on Liver Disease. 


No. of Ace range, Units of 

cases. years. pliospliotase. 

10 Itolo 3,20 to 10 80 

5 ... . . . If>to20 1.70 to 580 

14 21to:i0 2.00 to 0.00 

19 ’ ... :nto40 1.00 to 590 

o’ • ... 41 to 50 2.30 to 4.40 

10 ' 51 to 00 1.00 to 0.00 

. 61 to TO 2.30 to 4. .00 

, 71 to SO 1-SO to 3.00 


5 
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Taking into consideration the results listed in Table 1 and 
those given by Roberts,^ we have regarded as normal for adults, 
phosphatase values less than 6 units, and for children values less 
than 15 units. > • 


Tabm 2. — Cases of Obstructive Jaundice. 






Units of 

Serum 






• phos- 

bilirubin, 


No. 

Name. 

Age. 

Date. 

pliatase. 

mgm. 

Remarks and diagnoses. 

1 

R. G. 

20 

9/14 

20.48 

5.28 

Galactose excretion in 5 hours 




9/17 

22.02 

4.28 

■^’•as 2.9 gm. 




9/18 

11.08 

2.47 

Operation 9/20 — stone in com- 




9/18 

12.64 

3.92 

mon duct. 




9/20 

14.98 

5.78 

Expired 9/23. No necropsy. 

2 

S. H. 

52 

1/22 

23.40 

5.09 

Roentgen ray showed gall 




1/27 

15.54 

Not done 

stones. 

3 

L. M. 

19 ■ 

12/28 

20.58 

2.12 

Operation on 1/26 revealed 




1/2 

19.50 

0.50 

gall stones. 




1/11 

14.04 

0.78 





1/30 

.6.70 

0.54 


4 

s: R. 

GO 

12/26 

18.82 

5.42 

Diabetes mellitus. Operation 




1/2 

18.06 

6.23 

on 1 /4 — stone removed ; gall 




1/11 

5.40 

5.08 

bladder gangrenous. Eleva- 




1/16 

9.22 

3.08 

vation of phosphatase on 




1/19 

23.92 

4.06 

1/19 suggests partial ob- 




1/25 

15.08 

3.90 

struction. Patient drained 




2/1 

24.42 

1.48 

bile until discharge. 




2/13 

23.18 

1.42 


' 



2/20 

20.08 

1.32 


5 

A. 0. 

65 

11/11 

19.04 

1,56 

Roentgen ray showed gall 







stones. 

6 

L. S. 

65 

12/7 

10.18 

1.24 

On 11/28, icterus index 72. On 


Readmission 

2/24 

1.36 

8.25 

11/29 stones found in com- 




2/26 

7.00 

11.31 

mon bile duct. Readmitted. 
Expired on 3/ 1 . N ecropsy : 
sub-diaphragmatic abscess 
and acute hepatitis. 

7 

H. S. 

52 

6/7 

19.00 

0.75 

Biliary drainage revealed crys- 




6/8 

15.40 

0.45 

tals and pigment. Diagno- 




6/13 

10.30 

0.37 

sis of gall stones. 

S 

J. D. 

53 

7/13 

21.48 

1.55 



• 


7/18 

17.26 

1.53 


9 

R. P. 

70 

4/12 

18.32 

2.58 

Operation on 4/12, and stones 




4/16 

13.12 

0.96 ' 

’ were found in the common 




4/21 

7.00 

0.31 

bile duct. 

10 

J. H. 

35 

3/15 

14.14 

0.62 

Biliary drainage showed cal- 




3/17 

14.30 

0.58 

cium bilirubinate pigment 




.3/19 

17,98 

1.G5 

and cholesterin crj'stals. 




.3/21 

11.18 

Not done 

Operation on 3/22; showed 


S. F. 


.3/24 

6.92 

0.86 

gall stones. 

11 

60 

6/12 

12.24 

2.26 

Operation on 6/13; common 







bile duct filled ivith stones. 

12 . 

G. Y. 

52 

11/9 

11.30 

0.58 

Biliary drainage; pigment and 

13 






crystals. 

A. K. 

46 

7/30 

7.46 

0.90 

Operation, 7/31; gall stones. 




8/2 

6.10 

0.81 


14 

B. W. 


S/S 

4.18 

0.35 


42 

2/1 

10.56 

1.85 

Operation, 2/15; gall stones 




2/6 

13.04 

0.52 

and a dilated common bile 


J. B. 


2/20 

10.58 

0.92 

duct. 

15 

40 

11/17 

14.44 

9.24 

Block in sphincter of Oddi by 


plus of mucus and duodon- 
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Table 2. — Cases of Obstkoctive Jaunbice — Conlinucd. 






Units of 

Serum 






phos- 

biiirubin, 


No. 

Name. 

Age. 

Date. 

phatase. 

mgm. 

Eemarto and diagnoses. 

16 

J. P. 

'60 

8/22 

20.90 

1.81 

On 2/13, 6 months before pres- 




8; 25 

17.00 

2.00 

ent admission, had gall 
bladder operation, noir 
postoperath'e adhesions. 

17 

' T. W. 

is 

11/2 

12.44 

7.29 

Two previous operations. Now 







periductal adhesions. 

18 

C. H. 

20 

12/19 

3.00 

1.01 

Operation, 1/9: stone in the 




12/21 

4.50 

0.58 

cystic duct. 




12/28 

4.62 

0.70 





1/6 

2.94 

0.45 


19 

M. M. 

46 

3/23 

20.76 

Not done 

Icterus index on these succes- 




3/27 

19.32 


sive dates were 16; 22.4; 


, 


3/30 

21.40 

<( 

47.6; 14.8; 6.2 and 5.1. 




4/3 

19.80 

tf 

The serology was positive. 




4/12 

21.64 


Operation, 4/5: dilated 




4/19 

12.70 

U 

common bile duct due. to 
stones. 

20 

N. W. 

5S 

12/19 

6.04 

1.42 

Operation, 12/23; gal! stones 




12/22 

6,80 

1.65 

and acute pancreatitis. 




1/11 

4.86 

0.46 


21 

S. M. 

31 

5/29 

10.80 

1.09 

Gall stones with chronic 




5/31 

13.18 

0.74 

hypertrophic biUary cirrho- 




0/2 

13. 7S 

1.35 

sis. Urobilinogen were 2 to 




6/5 

S.22 

0.42 

200 and 1 to 400. 

22 

E.P. 

27 

3/8 

8.18 

3.99 

Biliary drainage showed pig- 




3/10 

7.44 

3.90 

ment and crystals. 




3/13 

4. -84 

1.52 

Operation, 3/22; gall stones 




3/19 

3. 84 

0.64 

with adhesions. 




3/21 

3.48 

Not done 


23 

D. W, 

57 

1/13 

22.68 

1,08 

Necropsy, 2/15: carcinoma of 




1/20 

20.78 

3,11 

bead of pancreas with met- 




2/8 

14.56 

2.63 

astases to liver. 




2/12 

20.30 

Not done 


24 

A. K. 

70 

11/11 

10.50 

7,34 

Necropsy, 11/24: carcinoma of 




11/23 

11.00 

9.23 

head of pancreas. Galac- 
tose excretion in 5 hours 







was 3 gm. 

26 

a B. 

65 

4/24 

25.04 

9.50 

Necropsy, 5/15: carcinoma of 




4/26 

25.56 

8.97 

head of pancreas. 




4/28 

21.80 

10.58 

Galactose e.xcrction in 5 hours 




5/2 

24.64 

9.79 

was 3 gm. 




5/5 

20.16 

7.84 





5/8 

23.72 

7.44 


20 

S. W, 

02 

5/5 

23.90 

G.4S 

Cholecystostomy, 5/12. 




5/10 

24.78 

7.98 





5/16 

11.94 

4.74 

Necropsy, 5/28; carcinoma of 

f 



5/19 

Not done 

4.76 

head of pancreas. 

27| 

M. C. 

00 

9/14 

21.60 

8.70 

NecropsjL 9/26; carcinoma of 




9/17 

22,08 

7.56 

head of pancreas with liver 




9/20 

19.58 

12.62 

metastases. 




-9/22 

21.62 

12.91 


28 

S.F. 

70 

7/20 

20.20 

6.67 

Nccropsj', 8/4: carcinoma of 



8/4 

17.56 

6.60 

head of pancreas. 

29 

y. G. 

02 

10/11 

19-04 

16.56 

Diabetes mcllitus otUi car- 


10/21 

10.60 

10.89 

cinoma of head of pancreas. 




12/21 

18.60 

10.23 



Our series consists of 53 cases of jaundice of various mechanisms, 
and are listed in Tables 2 and 3. The phosphatase determinations 
were repeated at frequent intervals in many instances. Quantita- 
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tive serum bilirubin determinations were done simultaneously in 
most instances. Only those cases in which the diagnosis was well 
established by clinical and laboratory findings were included in this 
study. 

In Table 2 are listed the results of a series of 29 cases of obstruc- 
tive jaundice. Several etiologic factors were involved as can be 
seen from this table. The generally high phosphatase values are 
striking. In all but 4 of the 29 cases the phosphatase values were 
greater than 10 units. These findings are in marked contrast with 
those obtained in the series of non-obstructive cases listed in Table 3. 
In Case 1, the medical and surgical consultants disagreed as to the 
diagnosis, the latter inclining to a diagnosis of toxic hepatitis refused 
to operate. On September 20, following a severe chill, the patient 
was operated upon and a stone was found impacted in the common 
bile duct. In Case 6, the phosphatase reading of 10.18 units was 
obtained during the period of convalescence, following a cholecys- 
tectomy for common duct obstruction. When the patient was 
readmitted a medical diagnosis of recurring common duct obstruc- 
tion was made. The phosphatase values obtained at this time, 1.36 
and 7.00 units, suggested rather a jaundice resulting from a non- 
obstructive mechanism. An acute hepatitis was found at necropsy. 

In Table 3 are listed the findings in 24 cases of non-obstructive 
jaundice. In 18 of these the phosphatase values lie at or below 10 
units. In 4 cases (Nos. 33, 39, 41 and 43) values slightly greater 
than 10 units were obtained. In the remaining 2 cases (Nos. 34 
and 47) values as high as 17.26 and 11.68 units were obtained respec- 
tively. These last 2 were children in whom phosphatase values as 
high as 15 units are considered normal. It is therefore justifiable 
to regard the results obtained in Case 34 as moderately increased 
above normal, and that in Case 47 as falling within the normal 
range. It is because of these findings and those listed in Table 2 
that we have come to agree with Roberts in his assertion that in 
cases of jaundice, phosphatase values up to 10 units indicate that 
the jaundice is non-obstructive in etiology, and values above 10 
units indicate an obstructive mechanism. 

Discussion. In commenting on the results in Table 3, we have 
called attention to a number of instances in which the phosphatase 
values were greater than 10 units. We cannot, howe^’^er, entirely 
agree with Roberts* when he states that it is not necessary to know 
the concomitant serum bilirubin values in order to interpret the 
phosphatase readings. We believe that a comparison of the relative 
increase in the values of phosphatase and serum bilirubin above 
their respective normals gives additional aid in diagnosis, and in 
particular makes possible a correct interpretation of those border- 
line values of 10 units or slightly above. The basis for this belief 
lies in the observation that in obstructive jaundice the rise in the 
phosphatase and serum bilirubin tends to rnn parallel until the 
limits of the phosphatase values are reached. In non-obstructive 
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Table 3. — Cases of Non-obbtrectiyb Jaundice. 




1 


Units 
of ' 
phos- 
phn- 
taae. 

Serum 



No. 

Name. : 

! 

Age.l 

Date. 

j 

1 

bili- 

rubin, 

mgm. 

Diagnosis. 

t 

i 

Remarks. 

30 

A. R. 

30 

6/13 

6.30 

8.90 

Hepato-ceUular 

Urobilinogen 1 : 100. Galac- 



1 

1 

6/18 

•7.30 

4.60 

jaundice 

tose excretion 4 gm. in 
5 hours. 

31 

F. V. 

17 

6/9 

10.00 

10.00 

Hcpato-ceUular 

Urobilinogen 1 : 100. Galac- 




6/13 

5.50 

6.00 

jaundice 

tose excretion 4.7 gm. in 


1 


• 6/18 

8.00 

5.00 


5 hours. 

32 

B. D. 

24 

3/16 

5.84 

2.30 

Gall stones, hep- 

Urobilinogen 1:100. Galac- 






atitis, cystic 

tose excretion 2 and 4.78 


i 

1 




duct obstruc- 

gm. in 5 hours. Positive 







tion 

serology. Operation. 

33 

B. S. 

37 

5/25 

10,50 

12.18 

Hepato-cellular 

Urobilinogen 1:50. Galac- 




5/28 

7.92 

8.19 

jaundice 

tose excretion 1.35, 3.08 and 




6/9 

9.00 

2.40 

5.55 gm. in 5 hours. Chronic 




6/13 

9.00 

1.84 


alcoholic. Takata-Ara test 
positive. 

34 

N. W. 


1/25 

10.12 

2.41 

Hepato-cellular 

Urobilinogen 1 : 40. Roentgen 




2/2 

17.26 

1.25 

jaundice 

ray normal gall bladder, no 

i 



2/6 

16.20 

0.54 


1 stones. 

35 

AV. H. 

35 

1/20 

3.14 

3.00 

Hepato-cellular 

1 Urobilinogen 1:20. Galac- 




1/22 

4.34 

3.39 

jaundice 

tose excretion 0 gm. in 5 




1/23 

2.86 

1.89 


hours. Roentgen ray no 
’ gall stones. 

36 

C. F. 

36 

2/14 

9.28 

8.64 

Hepato-cellular 

Urobilinogen 1:80. Galac- 



' i 

2/21 

8.68 

4.71 

jaundice 

tose excretion 0 gm. in 5 
! hours. 

37 1 

J. J. 

38 

8/17 

8.04 

5.00 

Hepato-cellular 

1 Urobilinogen 1:50. Galac- 



! 

1 


jaundice 

tose excretion 6.7 gm. in 
5 hours. 


38 

R. C. 

25 

12/3 

6.34 

7.10 

Hepato-cellular 

Urobilinogen 1:20. 






jaundice 


39 

s. s. 

26 

1/9 

11.38 

12.40 

Hepatorcellular 

Urobilinogen 1:8. Galactose 




1/19 

7.24 

5.90 

jaundice 

excretion 2.2 gm. in 5 hours. 

40 

A. I. 

28 

12/18 

9.38 

7.10 

Hepato-cellular 

Galactose excretion in 5 hours 






jaundice 

0.83 gm. 

41 

T. P. 

21 

-12/29 

10.34 

9.76 

Hepato-cellular 

Urobilinogen 1:20. Galac- 




1/2 

9.02 

5.79 

jaundice 

tose excretion 4.79 gm. in 




1/21 

3.78 

0.72 


5 hours. 

42 

E. K. 

7 

11/10 

9.52 i 

7.76 

Hepato-cellular 

Urobilinogen 1:20. 




11/12 

10.04 

6.67 

jaundice 




1 

11/20 

9.04 

5.78 






12/5 

7.04 

2.20 


1 

43 

N.K. 

50 

5/8 

9.84 

14.30 

Acute yellow 

Galactose tolerance test un- 




5/12 

10.70 

17.80 

atrophy 

satisfactory. 

44 

J. P. 

53 

2/11 

5.84 

0.84 

See Case 16 

Admission prior to operation 





for cholecystitis. 

45 

D. G. 

24 

5/16 

6.66 

5.95 

Hepato-cellular 

Urobilinogen 1:100. 




5/19 

8.40 

6.92 

jaundice 




j 

5/23 

4.16 

1.20 






5/28 

1.56 

0.99 






6/S 

3.94 

0,21 


Urobilinogen 1:20. 

46 

S. G. 

6 

m 

8.82 

3.77 

Hepato-cellular 



3/10 

8.98 

1.94 

jaundice 




1 

3/21 

4.46 

0.67 



47 

B. K. 

12 

5/15 

11.68 

0.87 

Hepato-cellular 

jaundice 

Luetic hepatitis 

Urobilinogen 1:20. 

48 

H.B. 

43 

7/21 

4.55 

1 0.70 

Urobilinogen 1:90. Serology 




positive. 

49 

N. L. 

53 

11/25 

2.58 

3.43 

Luetic hepatitis 

Serology positive. 

50 

H. A. 

63 

1/25 

1.92 

1.54 

Toxic hepatitis 

Diabetes mellitus. 



2/1 

3.00 

0.60 


Uremia. 

51 

J. R. 

66 

7/13 

4.32 

0.76 

Toxic hepatitis 

52 

D.AV. 

40 

12/7 

3.92 

1.12 

Pernicious 


53 

G. T. 

48 

12/14 

5/25 

3.22 

8.32 

0.75 

1.64 

anemia 

Portal cirrhosis 

UrobilinogonTl:100. Galac- 
tose excretion 1.36 gm. in 



j 

j 

i 



5 hours. 
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cases, on the other hand, in spite of the progressive increase in serum 
bilirubin the phosphatase values rarely rise above 10 units and no 
parallelism was noted. This is illustrated in the group of Cases 39, 
40 and 41. Here we found phosphatase values ranging from 9.38 
to 11.38 units, with serum bilirubin values of from 7.10 to 12.40 mgm. 
It is in such borderline cases that were the phosphatase alone con- 
sidered it would be difficult to arrive at a definite interpretation. 
We would be forced, if we adhered too strictly to the value of 10 
units, as the dividing line, to consider one of these (Case 39) as an 
instance of obstructive jaundice., In conjunction with the serum 
bilirubin estimation, hoAvever, the interpretation becomes clearer. 
The high phosphatase values usually associated with elevated 
bilirubin values in obstructive jaundice is absent. It would therefore 
seem, justifiable to assert that the phosphatase values slightly 
greater than 10 units, if associated with a markedlj’- elevated bili- 
rubin justify the presumptive diagnosis pf a predominantly non- 
obstruetive mechanism. In the light of this qualification there need 
be in most instances no difficulty in the interpretation of borderline 
values. 

We believe, therefore, from the striking differences in phosphatase 
values obtained in the two great groups of cases of jaundice dis- 
cussed, that the blood phosphatase reflects two mechanisms, that 
due to obstruction and that due to a more direct involvement of the 
liver parenchyma. AWien both of these disturbanees are present 
the extent of each can be roughly gauged by comparing the bilirubin 
with the phosphatase values. The phosphatase findings should, 
we feel, be considered as representing a composite of effects the 
dominant pathologic state exerting the greater influence on its value. 

It is of course apparent from our data that the test can serve 
only as a means of differentiating between the two classes of jaundice 
we have listed, in the absence of other conditions affecting phos- 
phatase. The specific etiology must, at the present time, be inferred 
from other studies. In its ability to help differentiate between an 
obstructive and an non-obstructive jaundice, however, the phos- 
phatase determination appears to be superior to other available 
tests, and in particular, the galactose tolerance test, when the latter 
is, used to detect acute parenchjonal liver disease. Thus, the phos- 
phatase findings were correct in most of the adult cases of non- 
obstructive jaundice, while in a considerable" number of instances 
the galactose tolerance test was in error (Table 3). Onlj’’ after 
repetition of the galactose tolerance test was the exeretion, in some 
instances, elevated to levels diagnostic of hepato-cellular jaundice. 

In our work we now regard the phosphatase values as a sensitive 
indicator of liver dysfimction in obstructive jaundice. In Case 7, 
the phosphatase value remained elevated long after the serum 
bilirubin and other findings had returned to normal. In this re.spect 
it appears comparable to the urobilinogen determinations in case 
of non-obstructive jaundice. One of us (jM. hi. R.)^® has shown 
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that urine urobilinogen will frequently remain increased in cases 
of hepato-cellular jaundice long after other tests have reached normal 
levels. It is also apparent from our studies that in some instances 
too much reliance must not be placed upon a single phosphatase 
determination. If, for example, a first estimation of phosphatase 
were to be made early in the onset of obstructive jaundice, as the 
jaundice is developing, it is conceivable that the phosphatase value, 
rising slowly in proportion, may not as yet have reached diagnostic 
heights. The low phosphatase value obtained under such conditions 
may be misleading. It is therefore necessary in some instances 
where the clinical impression of obstructive jaundice seems well 
founded, and tlie serum bilirubin only slightly elevated, to repeat 
both determinations within a few days in order to determine the 
progress of the disease. A similar caution must be exercised in the con- 
verse state. Purthermore, if the patient has had present a ball-valve 
stone or a biliary colic, due to the passage of stone too small to have 
produced more than a fleeting or latent jaundice, the phosphatase 
and serum bilirubin values may be only slightly increased. We ha\’'e 
also noted a tendency, in insulin-treated diabetics with jaundice, 
for the phosphatase values to remain high postoperatively for a 
longer period of time than usual. 

Summary. 1. The blood phosphatase values have been studied 
in a large series of clinical cases of jaundice, both obstructive and 
non-obstructive. 

2. The phosphatase values in most of the cases of obstructive 
jaundice were found to have values greater than 10 units, while in the 
non-obstructive cases the values were found to be 10 units or less. 

3. We, in agreement with Eoberts, have therefore chosen a phos- 
phatase value of 10 units to be the dmding line between cases of 
obstructive and non-obstructive jaundice. Certain considerations 
are listed which make more readily iaterpretable borderline eases. 

4. The phosphatase determination has proven, in our studies, to 
be of greater value than any other available test in differentiating 
between obstructive and non-obstructive jaundice. 
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(From the Chemical and Gastro-enterologic Divisions of the Department of Medicine.) 

The measurement of the excretion of intravenously injected 
bilirubin as a means of determining the existence of hepatic dys- 
function was originally devised by Eilbot,i and was introduced 
into this country by Harrop and Barron.^ The procedure, with 
the modifications to be described, appears to be the most delicate 
excretory test of liver function. It is hoped tliat the following 
data, and the improvements in the procedure resulting in the ' 
simplification of the test, will encourage its more widespread use. 

The use of the bilirubin excretion test is limited to those patients 
who show no elevation of circulating blood bilirubin bej'ond 1 mg, %. 
In _ the^ presence of hjqierbilirubinemia, tlie retention of injected 
bilirubin has no significance, since, obviously, the liver cannot 
adequately handle the amount of bile pigment in the blood prior 
to performance of the test. 
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In investigating the comparative merits of this method with 
bromsulpJmlein, ieralose tolerance, galactose tolerance, urobilinogen 
and VaudenBergh procedures, it was found that the bilirubin 
excretion test yielded the greatest incidence of positive results.^ 
However, for closer evaluation, a comparison was made between 
bilirubin and bromsulphalein, both excretory gauges of hepatic 
function. 

We have had no experience with rose bengal which is also used 
to determine the excretory capacity of the liver. We were influ- 
enced by Greene’s observation* that in a study of more than 700 
cases “ there is very little difference in the significance of the various 
dyes. Phenoltetrachlorphthalein, bromsulphalein and rose bengal 
all show essentially the same tj'pe of changes.” Therefore, the 
bromsulphalein test has been used because it is the simplest to 
perform. 

The relative merits of bromsulphalein and bilirubin are demon- 
strated in Table 1. In IS cases in wdiich there was clinically well- 
defined, although slight, liver damage, the bilirubin test was positive 
in 16, while in only 3 instances was functional derangement mani- 
fested by the bromsulphalein test. In 15 cases in which there were 
no clinical data to indicate hepatic involvement but where such a 
possibility was suspected (see Miscellaneous in Table 1), 17 com- 


Tablb 1 . — Co>rPARATn'E Vaeue of Biwkebin and Bho-msulphalein- Liver 

Function Tests. 

No. of positive results. 



No. of 

Comparative 


Bromsulph- 

Type of hepatic damage. 

' cases. 

teste. 

Bilirubin 

tests. 

thalein 

tests.* 

Cirrhosis of liver without ascites 

12 

12 

11 

2 

Malignancy of the liver — 2® 

3 

3 

2 

0 

Diffuse liver damage with jaundice 
directly after jaundice had sub- 

sided 

Miscoilancous group: no clinical 

3 

3 

3 

1 

data suggesting liver damage. 

but reason to suspect it 

15t 

17 

12 

3 

Total 

33 

35 

28 

G 


* 5 mg. per kilo. 

t Three of these cases, all of which were among the negatives, received 2 mg. 
bromsulphalein per kilo. 

parative studies yielded 12 positive bilirubin and 3 positive brom- 
sulphalein tests. In no instance was the bilirubin test negative 
when the bromsulphalein was positive. This becomes doubly sig- 
nificant in the face of the fact that in 30 of the 33 cases the dose of 
bromsulphalein intravenously administered was 5 mg. per kilogram 
— 2i- times the amount originally advocated by its sponsors, Eosen- 
thaf and White.® In 3 cases (in the Miscellaneous group), the 
2-mg. dose was used. Eetentions of bromsulphalein in excess of 
10% at the end of hour, as originally postulated with the 2-mg. 
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dose, were regarded as abnormal irrespective of the amount em- 
ployed. Hetentions of bilirubin in excess of 5 % at the end of 4 hours 
were regarded as abnormal. Thus in a total of 33 cases in which 
35 comparative tests had been made, 28 showed abnormal retention 
of injected bilirubin and 6 showed abnormal retention of injected 
bromsulphalein. It should again be emphasized that the bilirubin 
test is frequently positive in mild instances of liver damage. Hence 
the bilirubin excretion test is of value where the other tests usually 
yielded negative results. 

The reasons for the increased sensitivity of this test are probably 
dependent on the following factors: (1) The excretory function of 
the liver is being measured by its ability to handle a substance which 
is normally manufactured by the body and normally excreted by 
the liver. (2) In a good many instances the excretory function of 
the liver is the first to be disturbed. Hence, the use of a physio- 
logical substance such as bilirubin seems to be the most sensitive 
index for appraisal. (3) The usual excretory tests for hepatic func- 
tion are based on the selective activity of the liver to remove foreign 
products, as dyes, from the circulating blood stream and excrete 
them into the duodenum. However, this would appear to be onl}’’ 
partly true, since there is some evidence to indicate that a dye 
such as bromsulphalein, when injected into the blood stream, is 
not removed by the liver in its entirety. At least a portion of it 
is phagocytosed by the reticulo-endothelial cells,® On the other 
hand, injected bilirubin circulates freely and is excreted in ioio 
by the liver, except in obstructive jaundice. In this condition, 
according to Kanner,’' the storage of bile pigment takes place in 
the reticulo-endothelial cells. Yet this is of no practical moment, 
since the bilirubin hepatic excretion test is not employed in the 
presence of a serum bilirubinemia in excess of 1 mg. %. 

It is not to be inferred that the bilirubin excretion test is to be 
used to the exclusion of all other laboratory methods in determining 
hepatic activity. Even though we believe it to be the best single 
procedure, the apparent inadequacy of liver function tests is partly 
due to efforts to make one method a gauge for all of the manifold 
liver tasks. Ivluch information of diagnostic and prognostic sig- 
nificance can be derived from the frequent use of a variety of 
procedures, due consideration being given to their indications and 
limitations.® 

The method originally devised by Eilbot for the performance of 
the bilirubin liver function test is rather difiicult and time-consum- 
ing. We have introduced certain modifications which have been 
previously described.®'® In order to further simplify the perfor- 
mance of the test, we have constructed a series of standards which 
may be used in place of the colorimeter. The essential advantages 
of the standards are simplicity of performance and reduction of costs. 
The use of the colorimeter requires a certain amount of diligent 
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application and experience which maj’- not be available to many 
physicians desiring to employ tliis test. The clinical results obtained 
with the standards compare quite accurately with those of the 
colorimeter (Table 2) and such differences as are noted are of no 
significance in interpreting the results. 


Table 2. — Comparative Colorimeter and Standards. Bilirubin Retention 


Determinations. 




Colorimeter, 

Standards, 

Difference, 

Case. 

%■ 

%. 

%. 

1 

. . . . 14.2 

18.0 

3.8 

2 

28.5 

32.8 

4 3 

3 . 

. . . 17.5 

19.2 

1.7 

4 . . 

... .4.0 

4,0 

0 

5 . . . 

24.1 

24.0 

0.1 

G . . 

. . . . . 11.5 

15.3 

3.8 

7 . . , 

25.1 

28.2 

3.1 

8 . . , 

. . . 18.2 

18.4 

0.2 

9 

. 47.1 

54.0 

6.9 

10 

. 17.8 

13.1 

4.7 

11 . . 

7.0 

S.O 

1.0 

12 .. . 

. 13.4 

11.0 

2.4 

13 . 

. . . 16,4 

16.8 

0.4 

14 . . . 

. . 20.1 

19.1 

1.0 

15 . . - 

2.5 

3.1 

0.6 

16 . . 

18 5 

18.2 

0.3 

17 

. , . . 18.1 

15 5 

2.6 

18 . . 

. 5.7 

7.5 

1.8 

19 . . . 

... 0 

0 

0 

20 

. . 0 

0 

0 

21 . . . 

. 22.8 

24.8 

2.0 

22 . . . 

14.8 

13.6 

1.2 

23 . . . 

. 23.2 

20.3 

2.9 

24 . , . 

4.2 

5.0 

0.8 

25 . . . 

14.2 

18.0 

4.2 


Method. The method employed by us at present m the performance 
of tliis test is identical with that previously described,®’® except in the final 
step, where the percentage of retention of the injected pigment is deter- 
mined by matching the plasma against a series of standards. A total 
amount of bilirubin* equal to 1 mg. per kilogram of body weight (never is 
more than 70 mg. used) is dissolved in 15 cc. of a tV molar solution of 
sodium carbonate which has been previously brought to the boiling point 
and then allowed to cool to 80° C. The bilirubin dissolves completely and 
a clear iodin-colored solution is obtained. A control sample of oxalated 
blood is collected in a dry syringe to prevent hemolysis, and with the 
needle in situ, the bilirubin is then injected intravenously. Oxalated 
samples of blood are obtained from the other arm vithin 5 minutes and 
again 4 hours after the injection. The concentration of the bilirubin in 
the plasma is determined by means of the Ernst and Forster'® method. 
The plasma is precipitated by redistilled acetone, which is used in different 
concentrations, depending on the amount of bilirubin in the sample. Thus, 
vith the control and vith the sample taken after 4 hours, 2 cc. of acetone 
and 2 cc. of plasma are used wliile to 1 cc. of plasma of the specimen taken 
after 5 minutes, 4 cc. of acetone are added. After the plasma and acetone 
mix-tures are shaken, the samples are centrifuged, filtered, and promptly 
matched against the standards. Except during actual readings, the acetone 

* Bilirubin may be obtained from the Eastman Kodak Company at Rochester, 
New York, and from HofTman-LaRocho, Nutley, N. J. 
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solution of bilirubin must be protected from the light. The final calcu- 
lations are made as follows: 

A (control specimen) X 2 (dilution) = A' 

B (5-minute specimen) X 5 (dilution) = B' 

C (4-hour specimen) ' X 2 (dilution) = C' 

G' - A! 

B' - ~' aJ ^ ~ percentage retention of bilirubin. 

The standards* are prepared by making dilutions of potassium dichro- 
mate varying from 1 to 2000 to 1 to 10,000, a 1 to 2000 solution yielding 
a color identical mth that of 1 mg. % of circulating bilirubin while a 1 to 
10,000 equals 0.2 mg. %. Dilutions between these two extremes are made 
as follows: 


1 

1 

1 « . 

2000 " 

2857 

5000 ~ 

1 

1 

1 

— — =00 

2222 

3333 ~ 

6666 - 

1 

1 

1 ^ 

2500 “ 

4000 “ 

10,000 " 


If a drop of hydrochloric acid is added to each standard tube, the tube 
may be kept indefinitely without fear of change in color. A retention of 
over 5% of the injected pigment at 4 hours is considered abnormal. 

Care should be taken to avoid overheating the sodium carbonate 
solution, since thus a rather strongly alkalin solution is produced 
which may cause an uncomfortable reaction. In our experience in 
over 150 instances, this accident occurred twice. In both instances 
the patient complained of nausea and hot flushes. The reaction 
subsided after a few minutes. Proper caution must also be exer- 
cised to inject the material intravenously. Accidental extravasa- 
tion into the surrounding soft parts produces localized pain, edema 
and tenderness, and, rarely, pyrexia. The constitutional reaction 
which occurred once in our experience subsided without residue 
within 48 hours. However, with such a wmakly alkalin solution 
no sloughing occurs. 

Summary. 1. The superiority of intravenously injected bilirubin 
as a means of determining the excretory hepatic function in cases 
where the serum bilirubinemia is not in excess of 1 mg. % has been 
pointed out. It seems to be more sensitive than any available 
single method for determining hepatic dysfunction. 

2. The method has been furtlier simplified by the preparation of 
standards in lieu of the colorimeter. 

3. Its indications, precautionary measures and complications 
have been mentioned. 
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HEPATIC INFARCTION IN MYELOGENOUS LEDEEMIA AND 
PERIARTERITIS NODOSA. 

By David R. Morgan, ]\I.D., 

ASSISTANT PBOFESSOK OF PATHOPOGT, JEFFEBSON MEDICAL COLLEGE, 

]\Iaeshall M. Lieber, ]\I.D., 

I^"STRUCTOB OF PATHOIX3GY, JEFFERSON MEDICAL COLLEGE, 

AND 

Harold L. Stewart, M.D., 

ASSISTANT PROFESSOR OF PATHOLOGY, JEFFERSON MEDICAL COLLEGE, 
PHTLADELPHU, PA. 

(From the Pathological Laboratories of the Jefferson Medical College and Hospital 
of the Jefferson Tumor Clinic, and the Philadelphia General Hospital.) 

The object of this communication is to report 2 cases of hepatic 
infarction recently observed at autopsy. One of these occurred 
as a terminal complication of myelogenous leukemia, and is perhaps 
the only reported example of this lesion associated with leukemia. 
The other occurred in a case of periarteritis nodosa involving the 
hepatic arterial tree. The mechanical factors operating in the vas- 
cular bed of the liver in periarteritis nodosa will be analyzed and 
discussed together with the resulting acute and chronic effects on 
the hepatic parenchjmia. Various features of hepatic infarction, 
reviewed in recent articles by Lund, Stewart and Lieber’ and by 
Pass,- will be referred to only briefly, as they concern the cases under 
consideration. 

Case Reports. Case 1 (Jefferson Hosp. 1-534).— A. B., a white female, 
aged 30, was admitted to the hospital Januarj' 28, 1935 ndth myelogenous 
leukemia. The blood count showed a moderate grade of secondary- anemia 
and 398,000 white blood cells per c.mm. of wliich 24% were myelocytes. 
The Wassermann and Kahn reactions on the blood serum were negative. 
The patient received attention in the hospital and in the out-patient depart- 
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ment. She responded fairly well to Roentgen ray therapy over the long 
bones during a period of 2 years. The spleen gradually enlarged to form 
a hard tender mass extending from the left costal margin to the symphysis 
pubis and 6 cm. to the right of the midline at the level of the umbilicus. 
According to the clinical record the liver was never palpated and there was 
no note regarding tenderness. She developed bronchopneumonia with 
pleuritis and died March 10, 1935. 

Autopsy (14 hours postmortem) : Combined gross and microscopic diag- 
noses: 1, chronic myelogenous leukemia; 2, leukemic infiltration and en- 
largement of spleen and liver; 3, hyperplasia of bone marrow; 4, broncho- 
pneumonia with acute pleuritis, right lower lobe; 5, thrombosis of the mural 
endocardium of left ventricle and of the pulmonary .splenic renal and hepa- 
tic vessels; 6, infarction of the liver, lung, spleen and kidney. 

The liver weighed 3180 gm. and was uniformly enlarged. It was firm, 
pale, yellowish-brovm and friable in consistency. The normal markings 
were not visible. Several firm, slightly elevated areas were palpable beneath 
the capsule. On section these areas were dark reddish-brown and sharply 
defined. They varied somewhat in shape but were roughl 3 '' rectangular; 
the largest measured 4 cm. in greatest length. There was extensive occlu- 
sion of the veins by soft gray, friable thrombi. Gross exploration of the 
branches of the hepatic artery showed no evidence of occlusion. It was 
impossible to distinguish between the small arteries and the veins. The gall- 
bladder contained a few cc. of colored bile and the bile ducts were patuloufe. 

In the microscopic sections from the non-infarcted portion of the liver, 
thrombi were observed in approximately half the branches of the portal 
and hepatic veins and in a few of the sinusoids. The majority of the thrombi 
were fresh; others were liquefied in the center and organized around the 
periphery and a few were fibrosed and canalized. In this portion of the 
liver no thrombi were present in the central veins or in the branches of 
the hepatic artery. Myeloid and erytliropoietic cells and megakarimcytes 
were numerous in the inner third of the hepatic lobules and in lesser numbers 
in the portal areas which were dense and fibrous (Fig. 1) . The patent venous 
channels were dilated and filled, with leukemic cells. The hepatic cells 
were degenerated and compressed in the inner portion of the lobule but 
were well preserved elsewhere. 

The infarcts and immediately adjacent tissue showed thrombi in the 
veins as described above together with hyalinized structureless thrombi 
in several large intrahepatic branches of the hepatic arteiy. The infarcts 
were composed of confluent necrotic areas Avith four fairty distinct zones 
presenting minor variations in different areas. The central area of the 
infarct was pale, necrotic and coagulated (Fig. 2). Totally necrotic portal 
radicles and thrombosed branches of the hepatic arterj^ and portal and 
hepatic veins were identified within this central area. The cords of necrotic 
hepatic cells were shrunken, granular and vacuolated and the sinusoidal 
spaces were widened. They contained imperfectly staining fibrin, outlines 
of hemolj'zed e^throcjdes and necrotic leukemic cells. Outside the central 
area the sinusoids contained a large amount of acidophilic granular debris 
together with basoplulic nuclear particles. More peripheral^ there were 
many well preseived red blood cells in the tissue spaces and the sinusoids 
were filled vith masses of well stained fibrin. Tliis entire area was sharph' 
demarcated from the surrounding tissue b 5 '’ an intense infiltration of neu- 
trophils and actively phagocytosing mononuclears wliich filled the spaces 
formerlj' occupied by liver cords. ' 

There was evidence of active regeneration in the surrounding parenchjTna. 
The nuclei were enlarged, hj-perchromatic and often multiple and several 
were observed in mitosis. Tlie superficial areas of infarction were usualh* 
separated from the capsule of the liver b\' a narrow zone of ^•iable hepatfe 
cells and the overlying peritoneum was occasional!}" covered by an exudate. 
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Summary— Case 1. In the liver of a subject dead of myelo- 
genous leukemia several fresh infarcts were found associated with 
thrombosis of the intrahepatic branches of the hepatic arterj^ 
portal vein and hepatic vein. The venous thrombosis was as exten- 
sive in the liver generally as in the areas of infarction. It was 
impossible to state whether the arterial occlusion was the result of 
embolism or thrombosis. Thrombi in the left ventricle of the heart 
and in the pulmonary veins constituted a possible source for emboli. 
On the other hand, occlusion of the hepatic artery may have resulted 
from widespread thrombosis which was a striking feature of this 
case. V 

Case 2 (P. G. H. 28699).— C. M., white male, aged 44, entered the 
hospital December 30, 1934 v4th cyanosis and pain in the abdomen and 
extremities of a month’s duration. There was a history of e.vposure to lead 
over a period of years and the patient had been treated for lead colic in 1920. 
The blood pressure was 200 systolic and 100 diastolic. The urine contained 
albumin, casts and sugar. The Kahn and Wassermann reactions on the 
blood serum were negative. There was moderate secondary anemia; the 
icterus index was 6 and the van den Bergh reaction was indirect negative. 
A'n exploratorj^ laparotomy and cholecystostomy were performed January 
4, 1935._ The gall bladder was thickened and adherent to the under surface 
of the liver. The head of the pancreas was about 12 cm: in diameter, and 
the surface showed small areas of fat necrosis. Following operation the 
drainage bile was blood-stained, and purulent material was aspirated from 
the gall bladder. Death occurred 5 days after the operation. 

Avtopsy (I jiour after death): Combined gross and microscopic diagnoses: 
1, periarteritis nodosa •sv'ith diffuse proliferative, necrotic, inflammatory 
and thrombotic arterial lesions and multiple infarcts of the liver, gall 
bladder, pancreas, brain and adrenal glands; 2, chronic periportal hepatitis 
with parenchjTnal degeneration of the liver; 3, chronic cholecj'stitis with 
fibrinous serositis; 4, chronic interstitial pancreatitis and fat necrosis; 5, 
mjmcardial degeneration; 6, nephrosclerosis and nephrosis. 

The liver weighed ISOO gm. There were several j^ellow gray and red areas, 
approximately 2 cm. in diameter, beneath the capsule in the anterior and 
inferior portions of the right lobe. On section, these areas were conical 
with the base directed toward the surface. Some were fibrous, others firm 
and cheesy and in a few the central areas contained jmllowish liquified 
material. 

The gall bladder measured 2.5 cm. in diameter, the wall 0.6 cm. in thick- 
ness; it contained a small quantity of purulent material. The mucosa 
was bright red and covered by a pyogenic membrane. Attempts to probe 
the cystic duct were unsucce.ssful. The other bile ducts including the am- 
pulla of Vater were patulous. 

Microscopicalbq the infarcts consisted for the most part of confluent 
nodules of necrosis with central pale areas surrounded and separated from 
each other by zones of inflammatorj’- reaction (Fig. 3). The central area 
of infarction was well circumscribed and shqwed total coagulation necrosis 
with )jreservation of the structural outlines of all the tis.sue elements. The 
hepatic cells were shrunken and presented sharply outlined faintly baso- 
philic nuclei embedded in pale granular, •acidophilic cytoplasm containing 
small clusters of brovm pigment granules. The bloodvessels contained 
acidophilic material re.sembling fibrin and the sinusoids were variously 
filled with imperfectlv stained debris. Outside the central area cellular 
disintegration was pronounced, the sinusoids were packed with mono- 




Fig. 1. — Liver. Case 1. Showing non-infarcted area with leukemic cells. (X 250.) 



Fig. 2. — Liver. Case 1. Showing total necrosis of all tissue elements in area 
of infarction. The outlines of the leukemic cells are visible. (X 100.) Contrast 
with Fig. 1. 






Fig. 3. — Liver. Case 2. Portion of infarct with pale central area and bordering 
zone of inflammatory cell infiltration. ( X 100.) 



Fig. 4.— Branch of hepatic arterj’ (Case 2) showing thrombosis and inflammatory 
changes of periarteritis nodosa. (X 100.) 
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.nuclear leukocytes and neutropliils and there was a large amount of baso- 
philic nuclear material.. This was surrounded by a zone showing a chronic 
proliferative reaction which blended superficially with Glisson’s capsule. 
This^area was composed of edematous granulation tissue, inflammatory 
cells, small proliferating tubular structures resembling bile ducts and scat- 
tered groups of viable hepatic cells. 

Similar proliferative changes were noted throughout the liver generally, 
and many of the portal radicles were enlarged and fibrotic. In some areas, 
the picture resembled that of cirrhosis. . Several large branches of the portal 
vein were thrombosed and fibrotic. The branches of the hepatic' artery 
showed the characteristic changes of periarteritis nodosa with thrombosis 
of the lumen and necrosis and nodular areas of inflammatory reaction in and 
around the walls of these vessels (Fig. 4). The hepatic parenchyma not 
involved in the gross nodules of infarction was congested and contained 
microscopic areas of necrosis in parts of single and adjacent lobules. 

SiJMMiARY— C ase 2. In a case of periarteritis nodosa, fresh, 
organized, bland and liquefied infarcts of the liver were observed 
in relation to occluded branches of the hepatic artery and portal 
and hepatic veins. There were also cirrhotic changes throughout 
the remainder of the organ. 

Comment. The lesions which occur in the liver with periarteritis 
nodosa show marked variability in their morphology. The litera- 
ture contains a number of reports of hepatic necrosis developing 
by this mechanism and certain of these fulfill all the requirements 
of genuine infarction. Arkin^ states that the presence of multiple 
infarcts in the liver in the absence of endocarditis should always 
call to mind periarteritis nodosa of the hepatic artery, and Pass^ 
believes this condition to be the most common single cause of hepatic 
infarction. The finer ramifications of the arteries of the liver ter- 
minate as “end-arteries” within the substance of the organ and the 
collateral circulation of these vessels is extremely limited. Since 
the life of the hepatic cell is dependent upon an adequate supply 
of arterial blood, partial or complete occlusion of these vessels is 
followed by regressive changes of varying degrees. 

Five cases of hepatic infarction in typical form occurring in peri- 
arteritis nodosa were found in the literature (Verse,"* Verse,® Vance 
and Graham,® Gellerstedt and Wennerberg*' and Pass). In 10 
other cases, lesions of the liver grossly interpreted as infarcts were 
reported (Christeller, ® Cases 2 and 3; Blum;® Arkin, Case 3; Jiiger;'® 
Weigeldt;” Kroetz;'® Balo,*® Case 1; Ilarbitz;'^ and Krahulik, 
Rosenthal and Loughlin.*® However, in the absence of detailed 
microscopic evidence, this diagnosis may be questioned. In 6 
additional cases examined microscopically, none presented the 
characteristics of true infarction although their gross appearance 
was suggestive. These cases are of interest and may be cited briefly. 
In Longcope’s*® case there were irregular, well outlined, slightly 
depressed red patches 0.5 to 2 cm. in diameter scattered over the 
cut surface of the liver from the periphery to tlie hilus. jMicro- 
scopically these areas showed congestion and localized areas of 
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neutrophil infiltration. The liver cells were swollen and exceedingly 
granular. There were a few small foci of necrosis, with two or three 
vacuolated liver cells, granular and infiltrated with neutrophils. 
Marinescoi^ described intense vascular lesions along the ramifica- 
tions of the hepatic artery with small zones of fatty degeneration in 
the parenchyma. In Cameron and.Laidlow’s‘® case “white infarcts” 
4 by 3 cm. were found in the left lobe; microscopically these con- 
sisted of shrunken liver cells which were atrophic but not necrotic. 
The nuclei although imperfect in shape and staining, were fairly 
well preserved. Arkin^s Cases 2 and 4 contained many irregularly 
outlined, reddish depressed areas; microscopically the liver par- 
enchyma was destroyed leaving behind a vascular network filled 
with blood. In Monckeberg’s*® case, the cells in the peripherj^ of the 
lobules were normal, those in the centers were fatty, degenerated 
and necrotic with infiltrated neutrophils. From the histologic 
data of the 6 cases just cited, it appears that none of these lesions 
should be regarded as true hepatic infarctions. 

Chronic lesions of a diversified character also occur in combination 
with or independent of acute lesions, such as inflammation in and 
about the arteries, stasis, anemia, hemorrhage from rupture of an 
aneurysm (Friedberg and Gross®®), sinusoidal thrombosis and hepatic 
cell atrophy. The end results are fibrosis -of the capsule, branched, 
diffuse or circumscribed fibrous scars corresponding to narrowed 
and obliterated arteries, perilobular and intralobular fibrosis, 
chronic interstitial hepatitis (Christeller, Case 2; Balo, Case 3; 
Elizalde and Di Pietro®*; Friedberg and Gross); and in Arkin’s 
Case 5, “hepar lobatum.” This latter case is of particular interest. 
Four years prior to death the patient developed an acute attack of 
jaundice. At autopsy changes interpreted as late or healed peri- 
arteritis nodosa were found. The liver was small, coarsely granular 
and showed a number of deeply penetrating, depressed scars over 
which the capsule was wrinkled. The cut surface was traversed 
by connective tissue septa containing nodular, thickened and oblit- 
erated Tranches of the hepatic artery. Microscopic examination 
disclosed areas of unchanged liver tissue' side bj'^ side with areas 
of marked congestion from which the parenchyma had disappeared. 
Arkin believed that the hepatic lesion was the result of periarteritis 
rather than the healed stage of yellow atrophy of the liver. 

A number of mechanical factors influence the hepatic changes in 
periarteritis nodosa. Vascular occlusion may be abrupt or gradual, 
complete or incomplete in a single arterial branch. VTien gradual, 
sufficient time may elapse for the development of a collateral circu- 
lation but, during the interval, the parenchjuna may suffer varying 
degrees of damage. Sudden complete occlusion by embolism or 
thrombosis may occur in a branch of the hepatic arterj’ which was 
previously normal or was the seat of an incomplete occlusion the 
result of periarteritic lesions or aneurysm fonnation. A source for 
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emboli in such cases may exist locally in the proximal arterial tree 
or they may. arise from thrombi in the pulmonary veins or left 
heart. Additional factors contributing to the production of vascular 
lesions in the liver of periarteritis nodosa are thrombosis of the 
branches of the portal and hepatic veins which is a common feature 
in this condition. In view of these factors the occurrence of diffuse, 
focal or intralobular necrosis, localized areas of congestion and 
hemorrhage and hepatic cell atrophy is readily understood. This 
also explains those changes described by some authors which are 
characterized by disappearance of hepatic cells in limited areas 
leaving behind a network of dilated sinusoids. This latter lesion, in 
various stages, resembles the “atrophic red infarct of Zahn” and 
the red areas described by Marchand in multiple nodular hyper- 
plasia (subacute atrophy of the liver). 

Infarcts of the liver occurring in periarteritis nodosa are fre- 
quently localized in areas already the seat of a well developed inflam- 
matory reaction with its complicated enzymatic response. The 
action of heterolytic enzymes within these areas of necrosis may 
produce liquefaction, so that centers of infarcts may disintegrate 
with the formation of pus. The chronic hepatic lesions result, in 
part, from repair following inflammation along the bloodvessels, 
about infarcts, and in focal areas within the lobule. Fibrosis may 
also result from parenchymal changes produced by the pressure 
of aneurysms or periarteritic nodules. The progressive development 
of this combination of diversified changes may eventuate in a finely 
or coarsely granular liver with depressed scars on the surface not 
unlike that seen in cirrhosis. 

Conclusions. 1. Two cases of hepatic infarction are described 
and illustrated. These occurred respectively in chronic myelo- 
genous leukemia and in periarteritis nodosa. 

2. A summary of the hepatic lesions occurring in the reported 
cases of periarteritis nodosa is presented and discussed, together 
with an analysis of the factors operating in the vascular bed of the 
liver and of the resulting effects on the parenchjona. 

3. Periarteritis nodosa is the most frequent single cause of liepatic 
infarction. 

4. The later stages of the necrotic and inflammatory processes 
of periarteritis nodosa resemble other cirrhotic processes. 
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THE EFFECT OF OIL OF WINTERGREEN ON THE INCIDENCE OF 
SPONTANEOUS CARCINOMA IN MICE.* 

IV, Effect on Growth Rate and Survival Time after 
Onset of Malignancy. 

By Leonell C. Strong, Ph.D., 

ASSISTANT TBOFESSOR OT ANATOMY. YALE UNIVERSITY SCHOOL OF MEDICINE, 

NEW HAVEN, CONN, - 

(From the Department of Anatomy, Yale University School of Medicine.) 

Becently' data were publislied* Avhich indicated that the tine 
oil of wintergreen had a significant effect on survival time of mice 
harboring spontaneous cancer of the mammarj’- gland. It was 
slioivn that if such mice had received daily small amounts of the 
oil in an otherwise standard oatmeal diet, they would live longer 
than their controls. This effect on survival time was cumulative; 

* This experiment has been made possible by grants from the Josiah Macy, Jr., 
Foundation and the International Cancer Research Foundation. Acknowledgment 
is also given to Dr. A. H. Smith for his kindness in redistilling the commercial syn- 
tlictic mothvl salicvlate (Eimer and xVmcnd) used in this investigation. Dr. L. D. 
Francis determined that the oil weighed, on an average, 0.2265 gm. per drop (by 
medicine dropper). 
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that is, the longer the animal had been on the oil-oatmeal diet or the 
younger it had been placed on that regime, the longer it would live 
after the ensuing tumor had developed. 

In order to test out further the action of the various components 
of the natural oil of wintergreen on malignancy, it became desirable 
to try the redistilled synthetic methyl salicylate on cancerous mice 
after they had developed spontaneous carcinomas of the mammary 
gland. For this study 32 mice of the A strain^ were employed. 
These were dh’ided into three experimental groups and two control 
groups, according to Table 1. 


Table 1. — Survival Time of Mice. 

No. of 
mice. 


l;l MS 4 

First control 7 

i:2 MS 7 

Second control 7 

l:3 MS 7 


Average 
survival time 
in days. 

' 41.5 

51.8* 
54.7 
59.3 
56.6 


* One control animal lived 154 days of life after the onset of malignancy. For 
reasons given in the text, the calculation of survival time (prognosis) for the first 
group of controls is given on the basis of the 6 other mice used. 


Four criteria of the possible effect of the oil on the tumor-host 
relationship was used. These were: 1, the growth rate of the tumor; 
2, food intake; 3, total body weight; and 4, the survival time after 
the discovery of the tumor. All animals were kept under the same 
conditions. A single animal was kept in a cage. Food was giv.en 
in a round glass dish over which was clamped a metal cover. A 
single hole approximately inches in diameter had been punched 
in the center of the metal cover. The basic diet for the control 
animals was a mixture of Quaker rolled oats, Baugh and Sons best 
meat scrap, Klim powdered “gas packed” whole milk, and salt. 
The oil was added to this basic diet in three proportions. In the 
first experimental group, the oil Avas added in the ratio of 1 drop 
of oil, (by medicine dropper) to 1 gm. of the oatmeal mixture (1 : 1 MS, 
Table 1). In the second experimental group the ratio of 1 drop to 
2 gm. of food Avas used (1:2 MS, Table 1), and in the third group 
the ratio of 1 drop to 3 gm. of the oatmeal mixture AA'as employed 
(1:3 MS, Table 1). The tAAm groups' of controls were alternated 
betAveen the experimental groups in order to aAmid undue sampling 
of mice AAuth spontaneous tumors. 

The results are giA'en in a series of charts. Chart 1 giA-es the data 
on the groAvth rate of the tumors in the tAvo control groups. These 
groAvth rates are calculated on the basis of the linear measurement, 
determined by calipers, along the greatest diameter. iMeasurements 
on the other tAvo dimensions had also been taken but since these 
shoAA'cd the same tendency, they are not included in this rejiort. 
It does not seem desirable to attempt to reconstnict tlie sixe of tlie 
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tumor by taking into consideration the three dimensions’ at one time. 
Necrosis and hemorrhage into the tumor always interferes with 
determination of absolute size in the growing tumor. 

Chart 1 shows that the growth rates for the two sets of controls 
are identical. For this reason, the two groups of controls are added 
together, as is shorni by the solid line in Chart 3. 


CENTIHETERS 



Chart 1.— Growth Rates op Tumors of Control Mice deteraimed by linear 
measurement across the greatest diameter. Time in weeks is along the base line; 
linear measurement of the tumors in centimeters is given along the vertical line. 
Average growth rate of tumors for first group of controls is given on the solid line; 
the average growth rate for the second group of controls is given on the dash line. 

Chart 2 gives the data on the grov'th rates (greatest linear diame- 
ter) for the tumors in the. three sets of experimental (oil-treated) 
animals. The first group (1 ; 1 MS) is given on the solid line; second 
group (1:2 MS) on the short dash line; while the third group 
(1:3 hlS) is given on the dot and dash line. Since the rate of in- 
crease for the three groups is the same, we decided to add all experi- 
mental animals together. The difference between the three groups 
lies in the size difference of the tumors at the start of the experiment. 
The tliree experimental curves are added together and tlie resultant 
curve is given on the dash line of Chart 3. 

Chart 3 gives the comparative data on tumor growth rates for 
the control and the experimental animals. For the first 8 weeks of 
growth the two curves are parallel, the experimental curve is slightly 
above the control group. This is due to the fact that the experimen- 
tal mice had slightly larger tumors at the start of the experiment. 
Beyond 8 weeks, the curve for the experimental animals drops below 
that for the control mice. 

Chart 4 gives the data on total body weight throughout the 
observation period. The data for the control animals are given on 
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the solid line; comparable data for the experimental animals are 
given on the dash line. It is seen that the control animals gradually 
increased in weight during the extent of the experiment; whereas 


CEtiTItlETERS 



Chart 2. — Growth Rates of Tumors of Treated Mice. The first group of ex- 
perimental animals (1:1 MS) is given on the solid line; the second group (i:2 MS) 
along' the dash line, while the third group (1:3 MS) is given along the dot and dash 
line. Time in weeks is given along the base line; lineal measurement of tumor in 
centimeters is given on the vertical line. 
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Chart 3. — Comparative Data oh Growth Rates of Tumors. The control 
group is given on the solid line and the averaged three experimental groups oit the 
dash line. 


the exjierimental animals lost weight for the first 4 weeks. After 
that time the curve for the experimental group increased parallel 
to the control curve. 
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An attempt was made to ascertain the cause of the loss of weight 
on the part of the experimental group during the first 4 weeks. 
The first suggestion that seemed reasonable w^as the fact that the 
bitterness of the food (with the added oil of wintergreen) prevented 
the animal from eating sufiicieiit quantities to sustain a standard 
body weight. Accurate determinations on the daily consumption 
of food for the experimental animals were obtained. For the first 2 
weeks, this average food intake per mouse was 4.30 gm. per day; 
for the second 2 weeks it was 4.87 gm. per day; for the third 2-week 
period it was 4.41 gm. per day, and for the fourth 2-week period 
it was 5.25 gm. per day. 


30 


20 


JO 
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Chaet 4. — Total Bodv Weights (Mouse plus Tujior). The control mice are 
given on the solid line; the experimental animals on the dash line. Time in weeks 
is given along the base line, weight in grams is plotted along the vertical line. 

Comparable data for the control group was not available. With 
the equipment at hand, the control animals spilled so much food, 
that reliable data were not possible. It seems unlikely, however, 
that the administration of the oil interfered in the normal food eating 
habits of the mice. 

Charts 5, 6, and 7 present the data on survival times of the mice 
after the onset of cancer for the experimental and control animals. 
Chart 5 gives the data for the control animals. For the first set of 
controls, the data are on the solid line;, for the second group of 
controls the data are on the dash line. Since there is little difference 
between the two, groups, the data are added together. The data 
for the combined control animals thus gave the curs^e on the dot 
and dash line. This average curve is also given on the solid line 
of Chart 7. 

Chart 6 gives the data on the survival time for the second and 
third groups of experimental animals. Since only four animals 
comprised Group 1, a survival cur\'e for this number is not signifi- 
cant. The average for the curves for the two groups of experimental 
animals is given on the dash line of Chart 7 . 
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In the control groups was one animal that lived 154 days. Such 
an animal is extremely rare among the tumor mice of the inbred 

. PERCENT 



Chaet 5.— Survival Time of Mice with Spontaneous Control Tumors. The 
first group of controls is given on the solid line, the second group on the dash line. , 
The average for the two groups is given on the dot and dash lino. Time in days 
is plotted along the .base line; percentage of dead mice, is given on the vertical line. 
Successive points on the curves are therefore cumulative. 
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Chart C. — Survival Time (Prognosis) for Two Sets of Experimental Ani- 
MAi,s. Time in weeks is given on the base line; percentage of death is given on the 
vertical lino. 


strain used in this experiment. Consequently, we have deemed it 
yise to exclude it from ealeulations of survival time. When this is 
done, it is obvious that there is no difference between the survival 
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times for tlie experimental animals and the control groups (see Table 
1 and Chart 7). 
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Chart 7.— Comparative Data on Survival Time for the Two Groups of 
Mice. The average survival time for the controls is given on the solid line; the 
sunival time for the experimental animals is given on the dash line. 

PERCENT 



Chart 8. — CoMPARATn'E Data on ScRvn'AL Times. Survival times for experi- 
mental animals that had received daily small amounts of the natural oil of winter- 
green before the onset of malignancy are given on the solid line, and for e.xperimental 
animals that had been given ss-nthetic methyl salicylate after the onset of the disease 
on the dash line. 


Chart 8 gives (1) the data on the sur\dval time of cancerous mice 
that have been put on an oil-oatmeal diet after the onset of the dis- 
ease, and (2) data on the survival time of cancerous mice that had 
been puCon an oil-oatmeal diet before the onset of the disease.^* • 
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Discussion. The daily administration of small amounts of the 
natural oil of wintergreen has had- two effects on the incidence and 
severity of spontaneous carcinoma of the mammary gland.^-^'^ In 
the first place, the age at which spontaneous carcinoma of the mam- 
mary gland occurs has been delayed, and, in the second place, sur- 
vival time of the animal harboring a tumor is also increased. This 
applies onl}'^ to those animals which have been subjected to the treat- 
ment over a period of weeks or which were young mice at the start. 
The present study would indicate that the disease of cancer of the 
mammarjT^ gland cannot be influenced by the dail}?- administration 
of redistilled synthetic methyl salicylate through the diet when 
treatment is started after the onset of malignancy. The slowing 
up of the growth rate of tumors in the experimental animals below 
the rate for the controls is probably due to earlier mortality of those 
mice which were growing the tumors at a more rapid rate. 

Conclusions. 1. In order to influence malignancy, natural oil 
of wintergreen must be administered to young animals over a period 
of weeks before the condition arises. 

2. Daily administration of the synthetic oil of wintergreen after 
the onset of cancer has no detectible effect on malignancy. . 
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CHRONIC DYSENTERY. DISTAL ILEITIS AND ULCERATIVE 

COLITIS. 

A Follow-up of the Jersey City Epidemic of Bacillary 

Dysentery. 

By Joseph Felsen, M.D., 

DIRECTOR OF LABORATORIES AND RESEARCH, THE BRONX HOSPITAL, 

NEW YORK CITY, 

AND 

Harold Gorenberg, M.D., 

I RESIDENT IN GYNECOLOGY, MEDICAL CENTER, 

JERSEY CITY, N. J. 

(From The Bronx Hospital and the Jersey City Medical Center.) 


Adequate follow-up studies of acute bacillar\' d,vsentery may 
shed important light upon certain obscure intestinal diseases. 
With this purpose in mind, and in order to corroborate observations 
previously made upon sporadic cases, a 9 to 12 months’ study was 
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instituted following the major Jersey City epidemic of 1934J Inas- 
much as only hospitalized patients were included in this investiga- 
tion, centralized control W'as effected both during the epidemic 
period and the subsequent follow-up.* 

Table 1. — Chronic Symptomatology 9 to 12 Months After an Attack of 
Acute Bacillary Dysentery. 

Total number of cases in original group . . 210 

Total number of cases in follow-up .... 122 

Persistent or recurrent symptoms and signs 46 (37.7%) 

Diarrhea with blood, mucus and pus . . 8(6. 5%) 

Waterj’' diarrhea without gross blood . . 12 ( 9.8%) 

Bloody evacuations without diarrhea . 3(2. 4%) 

Miscellaneous intestinal symptoms . . . 23 (19 . 0%) 

Table 2. — Visible Evidence of Ulcerative Colitis or Ileitis in Follow-up 
OF 122 Cases of Acute Bacillary- Dysentery-. 


(13 Out of 122 Followed Cases.) 

(a) Roentgenographic evidence of chronic ulcerative colitis . 8(6.5%) 

(b) Additional cases n-ith sigmoidoscopic evidence of chronic 

ulcerative colitis 2(1.7%) 

(c) Chronic distal ileitis (2 at operation, 1 at necropsy*) . 3(2.5%) 

* Almost entire ileum and all of colon involved. 


Statistical Study of Chronic Intestinal Symptoms in 122 Cases. 
Of an original group of 210 patients we were able to secure the 
return of 122. Approximately 1 out of every 3 patients (37.7%) 
ivho were originally studied during the epidemic of 1934 had per- 
sisting or recurring symptoms and signs of intestinal involvement 
(Table 1). Diarrhea persisted in 20 instances (16.3%), 8 patients 
exhibiting gross evidence of blood, mucus and pus, 12 having 
watery bowel movements. Three additional patients (2.4%) had 
mucoid, bloody stools, but the daily frequency was not pronounced. 
Almost wdthout exception recurring attacks of abdominal cramps 
were noted in the 23 cases (18.7 %) referred to and, in addition, were 
present as the sole complaint in 8 others (6.5%). Intestinal spasm 
and tenderness in the right or left lower quadrants were present in 
almost all of the 46 cases -with recurring or persisting symptoms. 
Roentgenographic evidence of chronic ulcerative colitis was obtained 
in 8 cases (6.5%) and sigmoidoscopic examination revealed lesions 
in the rectosigmoid in 2 more (1.7%). In all of the others clinical 
evidence pointed to lesions higher up in the colon, but permission 
for further examination could not be obtained. Two additional 
patients (1.7%) developed chronic distal ileitis with mesenteric 
lymphadenitis, proven at operation. In one instance the process 
involved the distal 20 cm. of ileum as well as the cecum and appendix. 
In the other the distal 40 cm. of ileum was affected. A third case 
(0.8%) was proven at necropsy. Almost the entire ileum and all 

* Wo are indebted to Dr. George O'Hanlon, Superintendent of the Medical Center, 
for making these studies possible and to Dr. Louis L. Perkol for his cooperation in 
the roentgenographic examinations. 
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of the large bowel was the seat of a diffuse ulcerative lesion with 
inflammatory polyposis. There was a perforation in the transverse 
colon. 

Discussion of Statistical Data and Their Significance. Leaving 
out of consideration all cases except those in which corroborative 
sigmoidoscopic, pathologic or roentgenograph ic evidence was ob- 
tained, it appears that approximately 10% developed chronic distal 
ileitis or ulcerative colitis by the end of the first year. The clinical 
and pathologic picture was distinctive and unmistakable and the 
initial infection was clearly due to B. dj^senterim (Flexner) in each 
instance. Careful investigation showed that in every case, although 
the original attack of acute bacillary dysentery" subsided, it had 
never cleared up completely. The chronic manifestations were 
definitely a continuation of the original disease. Collateral studies 
indicate that, while in a certain percentage of these chronic cases 
B. dysenteriae may still be recovered after the lapse of a jmar or more, 
in the majority of them this organism cannot be found on repeated 
fecal cultures. It appears, moreover, that secondary intramural 
invasion by the enterococcus and'B. coli occurs through the ulcera- 
tions originally caused by B. dysenteriae. This is associated with 
chronicity of the disease as, once established, intramural infection 
is persistent and difficult to eradicate. Pathologically, the intestinal 
manifestations of acute bacillary dysentery are those of an entero- 
colitis. Any part of the small or large intestine may be involved, 
often in a segmental fashion. There is a definite predilection, how- 
ever, for the distal ileum and colon. The chronic lesions represent 
unhealed acute lesions both as regards location and pathologic 
character. Thus, chronic distal ileitis is always preceded by the 
distal ileitis of acute bacillary dysentery and the chronic ulcerative 
colitis or granulomatous lesion is the aftermath of a similar ante- 
cedent infection in the colon, independent of or concomitant with 
involvement of the small intestine. As previously noted by one of 
us (J. F.), the various stages were observed in individual cases from 
the onset of acute bacillary dysentery to the fully developed ileal 
or colonic lesion. The follow-up studies in the Jersey City epi- 
demic aftbrd further evidence in support of the common pathogenesis 
of these diseases. 

From the clinical and public health standpoints certain relevant 
observations are perhaps significant. If chronic distal ileitis and 
chronic ulcerative colitis are the result of bacillary dysenter.y, it is 
quite evident that accurate diagnosis, prompt isolation and adequate 
treatment are essential. It is important to recognize the atypical 
forms, such as the appendicular t\'pe with acute distal ileitis and 
mesenteric lymphadenitis, asymptomatic, afebrile, constipated or 
meningitic. Antidysentery serum of high antitoxin content must 
be given within the first 24 to 4S hours to be effective. Frequent 
periodic surveys of all foodhandlers, particularly in institutions. 
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should be made as well as careful supervision of water and all food 
supplies. 

Conclusion. If one may generalize on the basis of 122 cases of 
a total of 201 studied during and after a major epidemic, it may be 
said that in acute bacillary dysentery (Flexner) approximately 90% 
of the patients recover completely. The other 10% develop the 
chronic dysentery in the forms more generally known as distal 
(regional) ileitis .or ulcerative colitis. The intractable nature of 
these diseases suggests that perhaps the most adequate form of 
therapy is the prevention of bacillary dysentery. 
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THE APPEARANCE OF THE ELECTROCARDIOGRAM IN RE- 
LATION TO THE POSITION OF THE HEART WITHIN 
THE CHEST. 

By Louis N. Katz, M.D., 

DIRECTOR OF CARDIOVASCULAR RESEARCH, MICHAEL REESE HOSPITAL, 

AND 

M. Robinow, M.D., 

INTERN, CARDIOVASCULAR DEPARTMENT, MICHAEL REESE HOSPITAL, 

CHICAGO, ILL. 

(From the Heart Station and the Cardiovascular Laboratory, Department of 
\ Physiology, Micha^el Reese Hospital.) 

It has been established that changes in the position of the body 
lead to changes in the 3 lead electrocardiogram which cannot be 
satisfactorily explained by the Einthoven equilateral triangle con- 
cept.^'-'® This we have confirmed in the present study. Further 
information was obtained by observing the changes in the position 
of the heart and surrounding structures by Roentgen ray. 

Procedure. Standard 3 lead electrocardiograms were taken on 7 normal 
subjects and 5 patients isith right-sided pneumothorax (administered thera- 
peutically for pulmonarj’’ tuberculosis).* In addition, various leads over 
the chest were taken in 3 normal subjects using the left leg as the site of the 
second electrode as is the practice now in taking Lead IV. 

Records were taken ivith the subjects in the following postures: 

1. Ljdng on the back. 

2. Sitting upright. 

3. Ljdng on the right side. 

4. Lying on the left side. 

5. Lying on the abdomen. 

6. Sitting up and leaning foru'ard. 

7. Resting on hands and knees. 

8. Leaning over the edge of the bed with the head and trunk hanging 

down vertically. 

* We arc indebted to Dr. M. Biesenthal for permission to study tlie.se latter 
patients. 
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With these postures the body was rotated on its sagittal axis, viz. postures 
1, 3, 4, 5, and around an axis connecting both lup joints; viz. postures 
1, 2, 6, 7,. 8 and 5. In 1 of the normal subjects a 6-foot 'Roentgen ray plate 
of both the anteroposterior arid lateral views was taken in each of the above 
postures.* The plates were taken Avith the subject holding his breath at 
mid-inspiration. 

Discussion of Results. In Table 1 is summarized the effect of 
changing the body posture on the electrical axis. It is evident 
that the changes are not always consikent and do hot coincide 
with what might be anticipated from the theory of the EinthoA^en 
equilateral triangle. 


Table 1. — Shift in Electrical Axis When Posture of Subject is Changed. 


Subject. 

' 

From lying on back to 

From lying on 
right side to 

From ly- 
ing on left 
side to ly- 
ing on 
abdomen. 

lying on 
right side. 

Lying on 
left aide. 

Lying on 
abdomen. 

Sitting 

upright. 

Sitting 

leaning 

forward. 

Lying on 
left side. 

Lying on 
abdomen. 

Normal 



i 


1 


1. Fri. 

L 



L 

L 

R 


L 

2. Ko. 

? 

R 

.. 

L 

L 

R 

L 

L 

3. Bl. 

? 

R 


L 

y 

R 

L 

L 

4. Fra. 

L 

R 

? 


? 

R 


L 

5. Fre. 

L 

R 

R 

L 

L 

R 

R 

L 

6. Ock. 

R 

R 

? 

• . 

9 

7 

7 

L 

7, Dre. 


R 

L 

L 

R 

R 

L 

L 

Having 









right 









pneumo- 









thorax 









1. Kle. 

R 

R 

R 




R 

L 

2. Hir. 

R 

R 




7 


L 

3. Bag. 

R 

R 

V 

L 

V 


L 

L 

4. Ros. 

R 

R 

L 


L 

.. 

L 

L 

5. Hey. 

? 

? 

. . 

L 



L 

L 


L = left axis shift (electrical). .. = no significant axis shift (electrical). 

R = right axis shift (electrical). ? = questionable axis shift (electrical). 


In addition there Avere changes in yoltage independent of axis 
shift, -changes in the P wave, xnQ R S contour and in the T wave 
as the body position changed. The contour and amplitude in the 
precordial leads also shoAA'ed marked changes Avhen the posture AA'as 
altered. 

It is obAuous that these electrocardiographic changes must be 
due to changes in the position of the heart in the chest. The Roent- 
gen ray plates (Fig. 1) shoAved that the position changes Avere a 
combination of: 

* AA'c are grateful to Dr. R. .Arens for pl.acing the facilities of the Roentgen ray 
Department at our disposal. 
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1, Rotation around an anteroposterior axis situated at the base 
of the heart; 2, rotation around a transverse axis situated at the 
base of the heart; 3, rotations around the sagittal axis of the heart 
running from the apex to the base; 4, displacement of the heart 




Pjq Tracincs from G-foot Uosntgcn ray plates of heart and chest of normal 

subject in different body postures. T*e anteroposterior views are on left; the lateral 
views on right of figure'. Tracings A, taken with subject lying on back; /i, subject 
sitting upright; C, subject lying on right side. 
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as a unit without rotation, and 5, alteration in the contour of the 
chest cavity. 

The Roentgen ray plates also showed elearl}'^ that the right and 
left segments of the diaphragm as well as the anterior and posterior 
segments moved different amounts and sometimes even in different 
directions in different postures. Forward and lateral flexions of 
the vertebral column were also demonstrated in these plates. 

The forces operating to bring these changes about are : 

1. The action of gravity (a), pulling directly on the heart and 
rotating it around the 3 axes; (b), displacing the heart as a whole 
because the specific gravity of the heart is greater than that of the 
air-filled lung; (c), displacing the abdominal contents and conse- 
quently the segments of the diaphragm with which the heart is 
closely in contact. 

2. The action of flexion and extension of the hip joint and the 
lumbar and thoracic vertebr®, the former varying the intraabdom- 
inal pressure and so the position of the diaphragm, the latter causing 
alterations in the shape of the chest cavity. 

The net result of these changes is that the electrical field of the 
body is altered. In part this is due to the rotation of the electrical 
field of the heart around the sagittal and the transverse axes. The 
electrical field of the heart on its epicardial surface is not affected 
by these changes, but the relation of the body to this electrical 
field is altered. 

Another more important factor modify ing the electrical field of the 
body is the alteration of the regions of the heart in contact with the 
anterior chest wall, with the diaphragm and with the posterior para- 
vertebral muscle mass, which the work of Katz and Korey^ has 
shown are good electrical conductors compared with the lungs which 
are poor electrical conductors. This latter change is in part due to 
displacement of the heart and in part to displacement of the lungs. 
As a result, different regions of the heart come in contact with these 
good conductors, and these good conductors come to occupy different 
parts of the wall of the chest cavity. The importance of this latter 
concept in explaining the electrocardiograms of pathologic hearts is 
being studied. 
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■PHYSIOI-OGIC EFFECTS OF BENZEDRINE AND ITS RELATION- 
SHIP TO OTHER DRUGS AFFECTING THE AUTONOMIC 
NERVOUS SYSTEM.* 

« 

By Abrahaai Myebson, M.D., 

PROFESSOR OF NEUROEOGy, TOFTS COEEEGB MEDICAL SCHOOL; CLINICAL PROFESSOR OP 
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Juuxjs Loman, M.D., 
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AND 
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(From the Division of Psychiatric Research, Boston State Hospital.) 

In the cotirse of a group of studies on the drugs which affect the 
sympathetic and parasympathetic nervous systems, benzedrine was 
utilized as one of the sympathomimetic drugs. • Its effects were so 
striking that a number of different types of observations were car- 
ried out. These are the subject of the paper which follows : 

Benzedrine (phenylisopropylamine) is a synthetic preparation of 
the ephedrin and epinephrin group and belongs to the sjunpatho- 
mimetic class of drugs.^ Most of the pharmacologic studies on 
benzedrine ha%’’e been carried out on animals and have been mainl}'^ 
concerned with its effect on the blood pressure. Thus, Tainter,^ 
Alles,- Hartung and hluncM have described the marked and pro- 
longed pressor effect of the drug in animals. Similar observations 
have been made by Piness and Miller.'* Clinically, benzedrine, like 
ephedrin, has been observed to have a marked deeongesting effect 
on the mucous membrane of the nose, Eustachian tube and middle 
ear (Scarano,^ Bertolet,® Byrne” and Wood®). In an important 
clinical paper, Prinzmetal and Bloomberg® have recently found that 
the drug is stiperior to ephedrin in the pre%'ention of narcoleptic 
attacks. 

This paper concerns a group of studies carried on for the purpose 
of adding pharmacologic and clinical data to the isolated observa- 
tions hitherto reported. The other papers concern themselves, first, 
with the effect of benzedrine on the gastro-intestinal tract*® and, 
second, with its effect on the mood and sense of wellbeing of groups 
of normal and mentally sick individuals.** 

Material and Procedure. The subjects utilized in these experiments 
were mainly passive, submissive, unemotional cases of dementi.a pn-rcox, 

* Aided by gritnUs from the Commomvcalth of iMassachnsotfs and fhc RockofeJier 
Foundation. 
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who lay perfectly quiet throughout the entire procedure and w^hose general 
physical and physiologic states were known to us to be normal as a result 
of repeated and thorough studies. No preliminary anesthesia was used, 
thus eliminating an objectionable feature of the pharmacologic experiments 
done oh animals. Eighteen patients, comprising 15 ivith dementia pra?cox, 
2 with general paresis, and 1 with manic-depressive psychosis, w^ere studied. 
These patients were brought to the laboratory without brealcfast and allowed 
to rest for 15 to 30 minutes before the experiments were begun. 

Benzedrine, given either orally, subcutaneously, or intramuscularly was 
administered either alone or in combination vuth other drugs, namely, 
sodium amytal, acetyl-Beta-methylcholin, and atropin. Its effects on the 
pulse, the blood pressure, the spinal fluid pressure, the basal metabolic rate, 
and the blood cellular constituents were studied. The effects of the drug 
on the gastro-intestinal tract and on the mood are the subjects of separate 
communications. 
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I20 mg. Benzedrine 1 

HOURS- MINUTES 


Chart I — Effect of benzedrine (20 mg. s.c.) on the systemic arterial pressure and the 

cerebrospinal fluid pressure. 


1. Subcutaneous Administration of Benzedrine (Table 1, 
Chart I). Blood Pressure. In 18 cases benzedrine was administered 
subcutaneously in doses of 9 to 50 mg. In every instance but one a 
gradual rise in systolic pressure, varying from 10 to 64 mm. of mercury 
took place. The rise in diastolic pressure was not commensurate 
with the increase in systolic pressure. No precise relationship between 
the change in blood pressure and the dose administered could be 
determined, although the larger doses in general brought about the 
greater rise. The blood pressure reached its maximum in from 11 to 
85 minutes and gradually returned to its original level in T?, to 7 or 
8 hours. 

Pulse. Simultaneously with the maximal increase in blood pres- 
sure, the pulse rate became diminished in 12 cases, remained un- 
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changed in 4 cases, and increased in 2 cases. The decrease in pulse 
rate varied from 4 to 25 beats per minute. Slight cardiac arrhythmia 
appeared in 4 cases; this was either of the sinus type or due to 
extrasystoles. During the rise in blood pressure, the pulse invariabl}' 
became stronger. 


Table 1. — Effects on the Blood Psessdhe, Pulse and Spinal Fluid Pkessure 
OF THE Subcutaneous Administration op Benzedrine in 
18 Subjects with Mental Disease. 


Case. 

Diag- 

nosis. 

Dose, 

rog. 

Control period. 

Height of reaction. 

Time. 

B.P. 

Pulse. 

S.F.P. 

B.P. 

Pulse. 

S.F.P. 

E. B. . . 

D.P. 

48 

100/60 

84 

150 

134/70 

60 

175 

53 min. 

J. B. . . 

D.P. 

20 

120/60 

76 

80 

150/64 

64 

115 

16 min. 

E. Ba, . . 

D.P. 

29 

126/80 

68 

150 

152/80 

56 

180 

32 min. 

D. F. . . 

D.P. 

39 

114/70 

80 

150 

148/72 

88 

190 

46 min. 

A.'F. . . 

D.P. 

9 

84/50 

80 

95 

108/70 

80 

130 

29 min. 

M. G. . . 

D.P. 

20 

116/70 

84 

135 

156/90 

76 

175 

50 min. 

J. G. . . 

D.P. 

20 

100/58 

72 

105 

134/82 

60 

140 

33 min. 

H. H. . . 

D.P. 

20 

110/72 

92 

150 

120/78 

92 

190 

19 min. 

J. McK. . 

M.D. 

40 

136/72 

88 

145 

200/100 

64 

240 

1 hr. 30 min. 

H. B, . . 

G.P. 

21 

112/72 

100 


130/76 

88 


24 min. 

H. H. . . 

D.P. 

20 

126/80 

SO 


156/86 

76 

... 

23 min. 

J. McG. . 

D.P. 

30 

122/64 

100 


172/90 

88 


51 min. 

H. P. . . 

D.P. 

30 

100/62 

80 

160 

140/80 

SO 

190 

1 hr. 17 min. 

A. MoN. . 

D.P. 

20 

100/68 

92 

115 

124/70 

92 

140 

38 min. 

F. H. . . 

D.P. 

40 

130/68 

84 

125 

160/86 

64 

155 


J. M. . . 

G.P. 

30 

138/86 

100 

175 

172/90 

72 

210 

1 hr. 45 min. 

J. R. . , 

D.P. 

40 

130/80 

108 


126/70 

120 


40 min. 

J. M. . . 


30 

138/90 

92 

... 

152/90 

88 

■ 

53 min. 


D.P. = dementia priccox; G.P. = general paresis; M.D. = manic-depressive 
psychosis; S.E.P. = spinal fluid pressure in mm. of water. 


Table 2. — Effect on the Blood Pressure and Pulse op the Oral Adminis- 
tration OF Benzedrine in 14 Subjects with Mental Disease. 


Case. 

Diagnosis. 

Initial 

B.P. 

Initial 

pulse. 

B.P. at 
height. 


Time. 

Pulse at 
height. 

J. C. 

D.P. 

126/70 

SO 

160/82 


46 min. 

64 

J. McG. 

D.P. 

126/70 

92 

160/80 

1 

hr. 20 min. 

92 

A. M. 

D.P. 

116/70 

88 

142/90 

1 

hr. 2 min. 

90 

J. B. 

D.P. 

126/70 

100 

134/80 


49 min. 

68 

H. H. 

D.P. 

114/80 

80 

158/80 


39 min. 

84 

F. H. 

D.P. 

126/76 

80 

150/40 


40 min. 

112 

E. B. 

D.P. 

132/80 

64 

190/110 


26 min. 

52 

A. F. 

D.P. 

100/06 

72 

122/70 


2 hr. 

64 

H. B. 

G.P. 

120/78 

84 

148 /S2 


52 min. 

72 

J. G. 

D.P. 

104/70 

SS 

150/90 


43 min. 

84 

C. P. 

D.P, 

130/96 

84 

164/92 

1 

hr. 40 min. 

64 

E. B. 

D.P. 

124/70 

70 

150/86 

2 

hr. 25 min. 

56 

J. P. 

D.P. 

120/70 

96 

140/80 

1 

hr, 12 min. 

72 

J. G. 

D.P. 

104/00 

56 

172/90 


47 min. 

52 


Sj)vud Fluid Pressure. A uniform rise in the spinal fluid pressure 
was noted in the 14 cases in which it was followed. In 13 cases the 
increase varied from 25 to 40, mm. of water. In the other case it 
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rose -95 mm. This was in the subject wl:\o manifested the greatest 
rise in blood pressure. The maximal spinal fluid pressure occurred 
at about the time the blood pressure was at its height. 

2. Oral Administration of Benzedrine (Table 2). Fourteen 
of the subjects were given 40 mg. of benzedrine by mouth and the 
blood pressure and pulse observed. There was a rise of blood pres- 
sure in every case, varjdng from 8 to 68 mm. of mercury. These 
figures are roughly similar to those observed in the same group of 
subjects when the drug was administered subcutaneously. With 
oral administration, however, in most instances the blood pressure 
reached its height more slowly, that is, in 20 minutes to 2 hours and 
25 minutes. In the majority of instances the pulse rate diminished 



Chakt II. — Effect on the blood pressure of benzedrine (20 mg. s.c.) alone and when 
followed by mecholyl (30 mg. s.c.). It is seen that with subsidence of the raecholyl 
effect, the benzedrine reaction continued unabated, the blood pressure returning to 
an even higher level than originally. 

3. The Combined Effect of Benzedrine and AcetyltBeta- 
METHYLCHOLiN (Mecholyl). Seven cases of dementia prtecox were 
first giA^en benzedrine subcutaneously in doses varying from 20 to 
50 mg. The rise in blood pressure varied from 20 to 40 mm. of 
mercury and there was a drop in pulse rate A^arying from 2 to 16 
beats per minute, '\^'^len the blood pressure had reached its height, 
mecholyl, an actiA'C parasjnnpathetic stimulant, AA’as administered 
subcutaneously in dosage of 20 to 30 mg. Within a fcAA* minutes fol- 
loAAong this injection, the blood pressure dropped sharply 36 to 
96 mm. of mercury systolic and 20 to 54 mm. diastolic. Coinciden- 
tally AA'ith the marked fall in blood pressure there Avas a sudden rise 
in pulse rate in 6 cases, A*arymg from 40 to 62 beats per minute. 
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In the other case there was a slowing of 12 beats per minute. The 
usual effects of mecholyl, namely, flushing of the face, neck, chest, 
and back, lacrimation, salivation, rhinorrhea, and perspiration 


10 20 30 40 50 

HOURS-MINUTES 


10 - 20 


Chart III. — Effect on the blood pressure of benzedrine (30 mg. s.c.) followed by 
mecholyl (30 mg. s.c.). The great fall in blood pressure produced by mecholyl was 
quickly counteracted by atropin (gr. 1/100 s.c.), the blood pressure returning to an 
even higher level than that obtaining during the benzedrine reaction. 

Table 3. — Effect on the Blood Pressure and Pulse op the Administration of 
Benzedrine (s.c.) and Mecholtl (s.c.) on 7 Dementia Pb.ecox Subjects. 


Mecholyl. 


Height of 
reaction. 


Reaction at end of 
experiment. 


M G. D.P. 120/80 I 80 20 : 160/100 

H. P D.P. 120/80 I 06 30 : 146/90 

J P D.P. 142/80 i 84 40 ; 170/100 

F. H D.P. 130/70 ! 92 20; 150/90 

J JIcG. D.P. 120/70 jlOS 301154/86 
J. B DP. 126/es i 84 40 : 156/80 

J. G. D.P. 118/SOI 72 50:140/90 


28 68 i 30 86/51 i 6 

IS 92; 30 1 50/36 7 
47 S0;20i 134/80 1 
46 SO 120 [100/70 2 

20 96130 84/46 3 

19 OS 30i 94/60 1 1 

21 70;30 60/40 3 


1 112 172/100 i 1 hr. 37 min. GO 
I 80 170/120 1 hr. 13 min. 112 
1120 152/80 I 1 hr. 41 min. 84 
126 150/70 ! 2 hr. 14 min. 68 
: 140 158/88 1 hr. 15 min. 68 

1112 156/SO 1 1 hr. 17 min. .54 
1 132 168/90 ! 2 iir. 33 min. 48 


* Time from the administration of the mecholyl- 
t Time from the beginning of tlic expenment. 

occurred in varying degrees and differed in no essential manner 
from those reported by other experimenters and observed by us in 
another group of subjects. With tlie subsidence of the mecholyl 
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effects, which occurred within 10 t6 30 minutes, there was a steadj' 
rise in blood pressure which finally, with but one exception, reached 
a height at least as great as that which had obtained at the height 
of the benzedrine reaction. The pulse was now slower in 5 of the 
cases than during the height of the benzedrine reaction. (Table 3, 
Charts II and III.) 



Chart IV. — Effect on the blood pressure of benzedrine alone and of benzedrine 
combined with atropin in the same subject a week later. It is seen that the com- 
bined effect of benzedrine and atropin produced a greater rise in blood pressure than 
that by benzedrine alone. This was probably due to an enhanced sympathetic effect 
when the parasympathetic system was paralyzed. 

4. The Combined Effect of Benzedrine and Atropin. Studies 
of the effect of atropin sulphate when given either together with 
benzedrine or just prior to it are now in progress, and the results 
cannot be given in detail. In 4 of 11 cases the rise in blood pressure 
was great, exceeding by far the rise obtained in the same patients 
when given benzedrine alone on previous occasions. (Chart R’.) 

5. The Combined Effect of Benzedrine .vnd Sodium Amytal. 
A. Benzedrine jolloiocd by sodium amyial (Table 4, Chart V). 

Benzedrine (20 to 50 mg.) was administered subcutaneously to 7 
subjects. When the blood pressure had reached its maximum level, 
sodium amytal (.5 to .7 gm.)was injected intravenously, A sudden 
drop in pressure occurred reaching its lowest level soon after the 
completion of the injection of sodium amytal. The fall in sy.stolic 
blood pressure varied from 4 to 40 mm. of mercury. All of the sub- 
jects fell asleep during the administration of the ainjiul. In 5 
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patients who were soundly asleep the blood pressure again rose and 
reached a level higher than that obtaining during the control period. 
In the other 2 cases the blood pressure was 8 to 10 mm. lower during 
the height of the amytal narcosis than during the control period. 
Although the depth of the narcosis did not appear to be affected, 
its duration, as compared with that occurring in a previously studied 
group of patients, appeared to be definitely shortened. During the 
amj’tal narcosis, the jDuIse again increased in 5 cases and diminished 
slightly in the other 2. 



Chart V. — Effect on the blood pressure of benzedrine (20 mg. s.c.) followed by 
sodium amytal (0.7 gm. i.v.). The sodium amytal acted as usual to lower the blood 
pressure after a rise due to benzedrine. There was no fall in blood pressure below the 
original level. 


If the reaction of the blood pressure to the injection of both benze- 
drine and sodium amytal is compared with that occurring to amytal 
alone, it will be observed that in the latter group the blood pressure 
returns to its original level in a longer period of time (Table 5). 
In other words, it appears that the effect of benzedrine, when given 
together with the amjdal, was to shorten the blood pressure lowering 
period. 

The spinal fluid pressure was observed in 5 of the above 7 cases 
(Table 4) . In 2 cases it f.ell slightly during the amytal narcosis and 
at the end of the experiment returned to the original level. In the 
other 3 cases the spinal fluid pressure varied but slightly during the 
entire experiment. 

B. Sodhm Amytal Followed by Benzedrine (Table 6, Chart VI). 
Seven subjects received .5 to .8 gm. sodium amjiial intravenously. 
At the completion of the injections, the fall in systolic blood pressure 



Table 4.— Effect on the Blood Phessurb, Pulse and Cerebrospinal Fluid Pressure of the Administration of Benzedrine (s'.c.) Fol- 
lowed BY Sodium Amytal (i.v.) on 7 Subjects with Mental Disease. 
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varied from 16 to 42 mm. of mercury. Benzedrine in doses varying 
from 20 to 40 mg. was now administered subcutaneously. Within 
5 to 10 minutes following this injection, the blood pressure in 6 
cases began to rise, reaching a level at least as high as the original 
one within 21 to 41 minutes. In the other case the blood pressure 
slowly rose after an original drop from the injection of amjdal, but 
did not reach the original level. Although the depth of narcosis 
did not appear to be affected by the benzedrine, its duration seemed 
to be definitely shortened as compared with a group in which amytal 
alone had been given. 

Table 5. — Effect of the Administration of Sodium Amytal (i.v.) on 12 Sub- 
jects WITH Mental Disease. Compare the Blood Pressure Response 
to that Shown in Tables 4 and 6 (Combined Effect of 
Sodium Amytal and Benzedrine). 


Control 

period. 


At height. 


At end. 


Cnse. 

Diagnosif 

6 S 

1 n to 

QW 

i Q 

i 

P3 

1 Pulse. 

Time. 

B.P. 

Pulse. 

Time. 

_• , g 

n P. 

* 

H. H. 

.D.P. 

,1.0 

106/04 

96 

12 min. 

, 90/70 196 14 hr. 13 min. 

96/64 70 

H. B. 

1 G.P. 

!o.3 

102/60 

74 

29 “ 

: 78/44; 80! 

1 hr. 

90/64 74 

C. P. 

1 D.P. 

'0.3 

158/88 

60 

10 “ 

' 110/60 58 ; 1 hr. 7 min. 

110/60 58 

J. N. 

‘ M.D. 

0.25 

110/44 

72 

41 “ 

: 88/38 ; 60 1 1 hr. 9 min. 

102/40 56 

J. B. 

: D.P. 

, 0.25 

110/50 

60 

30 “ 

90/40! 60 

1 hr. 

98/50 ! 72 

E. B. 

; D.P. 

0.2 ; 

130/60 

80 

30 “ 

108/68 : 60; 

1 hr. 

114/64 i 60 

C. P. 

, D.P. 

0.2 

140/82 

66 

40 “ 

120/80:601 

1 hr. 

132/76 60 

G. D. 

1 G.P. 

1.0 

144/64 

90 

47 “ 

, 90/54 1 90 1 1 hr. 7 min. 

92/56 i 90 

G. T. 

i G.P. 

0.8 

120/60 

84 

21 “ 

1 94/50 ! 76 1 1 hr. 11 min. 

96/56 i 72 

C. Pe. 

1 D.P. 

1.0 

122/70 

92 

33 “ 

82/ 1 96 1 1 hr. 12 min. 

98/60 78 

H. P. 

1 D.P. 

■1.0 

100/56 

72 

10 “ 

84/50 1721 

1 hr. 

98/56 ' 66 

J. B. 

1 D.P. 

' 1.0 

124/64 


1 hr. 1 min. 

80/66 . . ! 1 hr. 26 min. 

98/60 • 


The pulse rate became diminished in 5 cases. In the other 2 cases 
a slight rise occurred following administration of sodium amytal. 
During the benzedrine reaction the pulse dropped to a still lower 
level in 6 of the cases. At the end of the experiment the pulse was 
slower in all but one of the cases than it was during the control 
period. The spinal fluid pressure showed no consistent variations. 

6. Other Studies. A. Hematology. Studies of the hemoglobin, 
red cell count, white cell count, and differential count of the white 
cells were made in a group of 15 patients before and after adminis- 
tration of benzedrine. The following techniques were used; Hemo- 
globin was determined by the Sahli method, calibrated against the 
Van Slyke-Neill oxygen capacity method so that 100% equal 15.5 gm. 
of hemoglobin per 100 cc. In addition, the hemoglobin concentra- 
tion was determined in each individual by the oxygen capacity 
method at the beginning of the experiment, once during its course. 
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and once at the end of the experiment. Tlie erythrocyte and leuko- 
eyte counts were performed with standardized pipettes and hema- 
eytometers, the same apparatus being utilized throughout the 
experiments. The hematocrit determinations were made with hepa- 
rinized blood utilizing the hematocrit tubes of Wintrobe, the centri- 
fuge speed, being 3000 revolutions ppr minute, complete packing 
occurring in 30 minutes. The effects of the drug were quite variable, 
although in several instances striking. In 4 of the cases studied the 
red eell count, rose 1.5 to 3 millions per c.mm. within 2 hours 
after administration of the drug without, however, any definite 
rise in hemoglobin. In 7 other cases the red cell count rose about 

/ 
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Chart VI. — Effect of sodium amytal (0.6 gm. i.v.) followed by benssedrine (30 mg. 
S.C.). The fall in blood pressure caused by the sodium amytal was soon counteracted 
by the benzedrine so that the blood pressure rose even higher than its original level. 
Although the depth of the narcosis is not disturbed by the benzedrine, the duration 
of the anesthesia is definitely shortened. 


/ 



1 million. The leukocyte count became doubled, tripled, and 
even quadrupled in 4 of the cases; this was associated with a striking 
polymorphonuclear leukocytosis, although there was no increase 
in immature cells. In the other cases there was slight or moderate 
increase in white cells with an almost invariable mcrease in neutro- 
phils. In 2 cases in which venous blood cell counts were compared 
with those of the peripheral blood, there was close agreement indi- 
cating that the observed findings were not due mereh' to changes in 
the peripheral circulation. There was no definite observed eorrela- 
tion between the extent of the blood pressure rise and that of the 
blood cellular constituents, nor could we predict in which patient 
a striking rise would take place (Chart VII). 

VOL. 192, N'o. 4. — ocTOBEn, 1936 20 
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Two subjects, who had shown a rather marked rise in red cell 
count, were given daily injections of benzedrine. In both, a steplike 
progression in red cell count occurred, so that at the end of 4 days 


I—— 





iai Reaction 1st day 


Chart VII. — Effect on the blood pressure and red blood cell count of benzedrine 
(40 mg. s.c.) given daily. The red count rose in steplike progression from a normal 
count of 5.3 millions to 10.9 millions in 4 days, remaining at about that level for 
0 more days. The blood pressure showed less and less reaction until on the 10th day 
no rise occurred. 



DAYS 1 


10 11 


Ch.art VIII. — Same subject as in Chart \TI. The benzedrine was discontinued 
on the 10th day and the red blood count gradually fell, reaching its original level on 
the 14th day. 


tile erythrocytes numbered respectively 9.3 and 10.9 millions per 
c.mm. There was only slight corresponding increase in hemoglobin 
and volume of packed red cells, however, indicating possibly that a 
number of t'ery thin, red cells were present in the circulation. Further 
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studies of this interesting phenomenon are being carried out and will 
be the subject of another report (Chart VIII), 

B. Effects 071 Metabolism and Sugar Content of Blood. The basal 
metabolic rate was studied before and during benzedrine. No 
significant changes were discovered, despite the fact that patients 
who could give an adequate account of their reactions stated that 
they felt somewhat flushed after taking the drug. No change oc- 
curred in the carbohydrate metabolism as indicated by the lack of 
rise in the blood sugar when the drug Avas given. 

C. A special study of the effect of benzedrine on the tonus and 
motility of the gasti'o-dntestinal tract is at present in progress. It 
suffices to say at this point that benzedrine exercises a greatly relaxing 
effect upon spasticity. An account of these phenomena appears in 
another paper. 

D. In another paper a clinical account is given of the effect of 
benzedrine upon fatigue and depression in certain patients seen in 
hospital and private practice. At this point it will suffice to say that 
in the normal individual benzedrine exercises a striking effect in. 
dissipating the sense of fatigue together Avith the mild depressed 
feeling which is frequently present. The effects of the drug are 
noted within a fcAA’’ minutes after oral administration and persist 
for several hours. If taken within a few hours of bedtime, the 
effect is to banish sleep entirely. This is quite in line AAutli the observ- 
ations made by Prinzmetal and Bloomberg in narcolepsy. 

Discussion. The effect of benzedrine on the blood pressure of 
subjects Avith mental disease appears to be similar to that reported 
by other observers working on animals and man. There was no 
apparent change in the mental reactions of the subjects obserA^ed, 
although it was difficult or impossible in these patients to elicit 
any subjective manifestations of the drug. The effects of the drug 
on the symptoms of fatigue and depression in A^arious clinical studies 
are discussed in an accompanying article. 

That benzedrine produces a central stimulating effect is indicated 
by its efficacy in narcolepsy, its ability to arouse animals from bar- 
bital anesthesia, and by the fact that it shortens the period of sodium 
amytal narcosis, as indicated in the present study. 

The rise in cerebrospinal fluid pressure in most cases may indicate 
a slight increase in cerebral A'^enous pressure or a slight cerebral aatso- 
dilatation, although there is, at the same time, a general A'asocon- 
strictor effect of the drug. In a few cases the failure of the cerebro- 
spinal fluid pressure to rise, eA'en in the presence of a moderate rise 
in arterial pressure points to an unchanged diameter of the cerebral 
A^essels. A rise in arterial pressure, occurring either with slight or 
no change in cerebral A'cssel diameter indicates, as pointed out by 
Gibbsandhis co-AVorkers’^and byLomanand Myerson”’''’an increase 
in cerebral blood flow. Benzedrine is thus similar to adrenalin in its 
A’ascular effects, although the latter drug acts more rapidly and 



572 


MYERSON, LOMAN, BAJIESHEK: 


actively. It is unlikely, however, that an increase in cerebral blood 
flow explains the cerebral stimulating efi^ect of the drug. The 
central effect of benzedrine appears to be due to some direct chemical 
action on the brain. 

The reactions following the combined administration of benzedrine 
and mecholyl or atropin allow one to study the effects of simultane- 
ous stimulation or depression of the sympathetic and parasympathe- 
tic systems. It is observed that the parasympathetic stimulating 
effects of mecholyl do not counteract or balance the sympathetic 
effects of benzedrine, but that the two drugs result in sharply distinct 
individual reactions. Thus, all the usual effects of mecholyl occur 
and have about the same duration as when this drug is administered 
alone. When the mecholyl reaction is spent, the effect of the benze- 
drine continues undisturbed. This is in contrast to the combined 
effect of epinephrin and mecholjd, since the effects of epinephrin are 
short-lived, whereas the effects of benzedrine are present for hours. 


PHARMACOLOGICAL-AUTONOMIC BALANCE 
SYMEATHETIC PARASYMPATHETIC 


Sympathetic 

paralysant 


Benzedrine 


I 

II 


Sympathetic tonus 


Parasympathetic tonus 


1 
11 


Fig. 1. — Schema of antagonistic activity of sympathetic and parasympathetic systems 
conceived os forces acting at opposite ends of a balanced lever. 


Paralj'sis of the parasympathetic system by the use of atropin 
apparently enhances the action of the sympathetic stimulant, benze- 
drine. This suggests a constantly active system of “checks and 
balances” existing between the STunpathetic and parasympathetic 
systems (Fig. 1). When the sjunpathetic is stimulated, as by ben- 
zedrine, a complete effect may not be obtained because of the con- 
tinued activity of the parasjmipathetic. When, however, the latter 
system is paralyzed, as by atropin, the complete effect may occair. 
The remarkable effects of these various drugs on the circulation 
suggest that by methods of neuro-pharmacologic equilibration, 
it might be possible to exert dramatic clinical effects with their 
proper use. 

A similar qualitative effect is seen when sodium amytal is given 
at the height of the benzedrine reaction. Although a drop in blood 
pressure follows the administration of sodium amytal, the blood 
pressure returns to its original or a higher level under the effect of 
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the benzedrine and in a much shorter time than it would if the former 
drug were given alone. These experiments further show definitely 
that the associated drop in blood pressure is not essential to the pro- 
duction of sleep in amjdal narcosis, since the patients continued to 
sleep even when the blood pressure was rising under the influence 
of benzedrine, although the period of narcosis was shorter. More- 
over, small doses of benzedrine, which almost completelj'^ destro}'^ the 
ability to sleep, do not create any change in blood pressure. It would 
thus seem certain that sleep is not fundamentally dependent upon 
either a lowered or an increased blood pressure. 

The striking effects on the cellular constituents of the blood are 
probably due to squeezing out of cells, chiefly red cells, from various 
storage depots. The well known constricting effect of adrenalin 
on the spleen is probably'’ simulated in this instance by benzedrine. 
It is also likely that cells from other .organs, such as the bone marrow 
or the lungs, are squeezed out by effects of the vasoconstrictor action 
of the drug and thus appear in the circulation. The absence of 
immature forms of either white or red cells suggests that the increase 
in counts is a mechanical one and not due to stimulation of the blood- 
forming organs. 

Summary and Conclusions. Benzedrine, a sympathomimetic 
drug, was studied in a group of patients with mental disease, its 
effect on the pulse, blood pressure, spinal fluid pressure, mental 
state, basal metaboli.sm, and blood cellular constituents being 
noted. Its actions when used in combination with acetyl-beta- 
methylcholin (inecholyl, a parasympathetic stimulant), atropin 
and sodium amj'tal were observed. 

Benzedrine has a striking and prolonged effect in raising the blood 
pressure, together with a less marked effect on the spinal fluid pres- 
sure. Its effects in raising the red cell and white cell counts are often 
great, the erythrocy te count rising 1 to 3 millions per c.nim. and the 
leukocyte count often being doubled or even tripled. Xo effects 
on the basal metabolie rate or blood sugar were noted. 

When used with inecholyl, the blood pressure lowering efl'ect of 
the latter dmg was at first apparent, followed by an increasM blood 
pressure when the effects of mecholyl became diminished. When 
used with atropin, the rise in blood pressure was often extreme. 
With ainytal, the period of narcosis was shortened and the blood 
pressure lowering effect of this drug was diminished. 

As brought out in these and associated studies, benzedrine has a 
central stimulating efl'ect. Its effects are, in general, those of a 
sympathetic .stimulant, the reaction being a prolonged one of several 
hours’ duration. Its effects on the blood cellular constituents are 
probably due to vasoconstriction of the spleen and other reserroirs 
of blood cells re.sulting in an increased number of cells in the jjeriph- 
eral blood. 

The effects of the combined administration of benzedrine with 
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mecholyl, atropin, and sodium amytal are exceedingly interesting 
and suggest that it may be possible to equilibrate sympathetic and 
parasympathetic drugs against each other, and thus obtain en- 
' hanced effects. 

The central, vascular, and smooth muscle effects of benzedrine 
suggest its practical use in various clinical conditions. Its ability 
to arouse narcoleptics has already been mentioned. Its stimulating 
effect in psychoneuroses and in mental and fatigue states is important 
and is elaborated upon in an accompanying article. Because of its 
ability to raise and maintain arterial pressure over a period of several 
hours, its use in counteracting an expected fall in blood pressure, 
as for example in anesthesia, or in raising the blood pressure in con- 
ditions of peripheral circulatory failure, as in shock, pneumonia, 
etc., is suggested. It may be of value as well in the ill-defined con- 
dition known as primary or postural hypotension. Its use in dimin- 
ishing increased tonus of organs made up in great part of smooth 
muscle— such as the gastro-intestinal tract, the ureter, and gall 
bladder— seems to be definitely indicated. The use of benzedrine in 
individuals known to have hypertension or severe vascular or car- 
diac disease is probably contra-indicated. 
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Diseases of the Liver, Gale Bladder, Ducts and Pancreas. Their 
Diagnosis and Treatment. By Samuel Weiss, M.D., F.A.C.P., Clinical 
Professor of Gastroenterology, New York Polyclinic Medical School and 
Hospital; Attending Gastroenterologist, Jewish Memorial and Beth 
David Hospitals, New York, etc. Chapter on Surgery by J. Prescott 
Grant, M.D., P.A.C.S., M.R.C.S., Professor of Surgery, New York 
Polyclinic Medical School and Hospital; Attending Surgeon, City Hos- 
pital ; Director of Surgery, Midto%vn Hospital. Chapter on Roentgenology 
by A. Judson Quimby, M.D., F.A.C.R., Professor of Roentgenology, 
New York Polyclinic Medical School and Hospital; Visiting Roentgen- 
ologist, Broad Street Hospital. Pp. 1099; 358 illustrations, 6 color plates, 
and 21 tables. New York: Paul B. Hoeber, Inc., 1935. Price, .$10.00. 

In covering his subject the author has attempted to include an enormous 
amount of material from the literature (over a hundred pages are devoted 
to references and an index of personal names). One, however, gets the 
impression that much of this material has been not too well assimilated and 
the reader finds the going rather heavy. If the author had condensed his 
manuscript by one-fourth and had been somewhat more critical of the bal- 
ance, he would have produced a more readable and a more authoritative 
text. Aside from these shortcomings, the book has much to recommend it. 
The historical notations are interesting. The discussion of examination of 
liver and gall bladder, the sections on pathology and particularly the illus- 
trations, are well done. R. K. 


The Diagnosis and Treatment of Diseases of the Peripheral Arter- 
ies. By Saul S. Samuels, A.M., M.D., Chief of the Clinic for Peripheral 
Arterial Diseases, Fourth Division Belle^nie Hospital, New York; Chief 
of the Department of Arterial Diseases, Stuyv'^esant Polyclinic Hospital, 
New York, etc. Pp. 260; 51 illustrations. New York: O.xford Uni- 
versity Press, 1936. Price, $3.50. 

This monograph is first of all a plea for the conservative management of 
thromboangiitis obliterans, to which disease almost two-tliirds of the book 
is devoted. The demonstration of the very frequent good results of such 
therapy, reflecting a large experience with Buerger’s disease, give the book 
its chief value. 

The author is equally intent in his partiality toward the intravenous 
hypertonic saline treatment for obliterative diseases of the peripheral 
vessels. Though recognizing the need for all available proven methods that 
promote collateral circulation, he dismisses, with evident lack of understand- 
ing, such methods as intravenous t 3 ’^phoid antigen injections, alternating 
suction and pressure, and s 3 Tnpathetic ganglionectom 3 ', methods whicli 
other competent judges regard as useful. A statement frankl 3 ’’ admitting 
insufficient exjierience with such procedures for sound judgment, or that 
they had failed after thorough trial in his hands, would seem more in keep- 
ing vdth the expressed purpose of the book. 

Likewise the vasospastic disorders and their differentiation from occlusive • 
disease, deserve more detailed consideration than the 3 ’^ receive in this treat- 
ise intended to cover diseases of the peripheral arteries. 

The book contains man 3 " sensible and extreme^' valuable diagnostic 
and thorai)outic suggestions terseh' stated. In this respect and in its well 
documented case for conser\\ati.sm it is of real value to the practitioner. 

L. H. 
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Time of Ovulation in Women.- A Study of the Fertile Period in the 
Menstrual Cycle. By Carl G. Hartman, Department of Embrj^ology, 
Carnegie Institution of Washington, John Hopkins Medical School, 
Baltimore, etc. Pp. 226; 72 illustrations. Baltimore; The Williams 
& Wilkins Company, 1936. Price, §3.00. 

This small volume gives a thorough analysis of the present knoivledge 
of human ovulation uith particular reference to the O^rio-Knauss theory 
of a “safe" period. The clear and concise explanations -will be easily 
grasped by the more intelligent laity, although the book is not primarily 
offered to them. The text discusses the physiology of the germ cells, the 
sex cycle, the menstrual cycle and its variations. The time of ovulation 
is discussed especially in its physiologic and hormonal relationships. 

Ovulation as observed in the Carnegie Institute monkey colony is com- 
pared -with oiuilation in the human. He brings out the practical application 
of the present understanding of ovulation in the human to the correction 
of apparent sterility. The large number of -well executed graphs should 
lend greatly to a quick and clear understanding of the text by a lay reader. 
For physicians this I'^ery instructive review will pro-vide a means for eas 3 ' 
explanation of the biologic mj'stery of conception to patients. 

P. W. 


Foundations of Short Wave Therai-y. Phj'sics-Technics-Indications. 

Physics and Technics by Wolfang Holzer, Dr. Med., Assistant in the 

Phj'siologic Institute of the University of Vienna; Medical Applications by 

Eugen Wbissenberg, Dr. Med.; Medical Superintendent of the Short 

Wave Section of the University Clinic for Nervous and Mental Diseases 

in Vienna. Translated by Justina Wilson, F.R.C.P. (Edin.,) D.M.II.E. 

(Cantab.), and Charles M. Dowse, B.Sc. Eng, (Lond.,) A.M.I.E.E. 

Pp. 22S; 53 illustrations and 10 tables. London; Hutchinson & Co., 

Ltd., 1936. Price, 12/6. 

The technical section of the book illustrates an attempt at treating a 
somewhat advanced subject in an elementary fashion. This led to partial 
inaccuracies. The terminology was not always good but this may be a 
difficulty in translation. 

In regard to the mechanism of action, it is the feeling of some authors 
that it is unlikely that there is any specific action of short ivave therapy' 
on the nervous system but that similar results might be obtained by an 
external application of heat. 

The portion by Dr. Weissenberg on medical applications is a comprehen- 
sive survey of the application of short wave therapy to a great variety of 
medical and surgical conditions. Both the literature and the author’s 
personal experience are dravoi upon in illustrating results. 

An introductor chapter describes the biologic action of the waves as due 
to electrical stimulation of the nervous system with local heat playung but 
a small role. 

Both according to theory and the author’s experience, lesions most suit-, 
able for this form of therapy may be placed in two groups. In the group 
of superficial inflammations, the local heat and vasodilation produced by 
the electrical field abort early cases and hastens localization in late. In the 
organic diseases of the nervous system, particularly diseases of the peripheral 
nen'es, repeated exposure to very w'cak electrical fields is reported to pro- 
duce rapid relief of s-ymptoms. 

In the field of internal medicine and surgery' the cases reported arc too 
few to permit judgment on the merits of this form of therapy'. The authors 
are enthusiastic. It seems probable that short wave therapy m'll_ become 
a valuable adjunct in the sy'inptomatic treatment of .sy.stemic chsea.se m 
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selected cases. That it can lead to a permanent cure throughout the wide 
range of diseases in which the authors describe its use is extremely doubtful. 

The medical section- of the book is concise, covering in a page or tv'o eacli 
the results of treatment in the various conditions in which it was employed. 
An attempt is made to state facts Avithout prejudice. From the medical 
standpoint, this book is of value to those interested in this relatively new 
field. It provides a base-line upon which future knowledge may be built. 

E. P. 

The Specificity of Serological. Reaction.?. By ICarl Landsteiner, 
M.D., The Rockefeller Institute for Medical Research, New York. Pp. 
178. Springfield, 111.: Charles C Thomas, 1936. Price, S4.00. 

Those interested in the chemical aspects of immunity viU welcome this 
revised edition of Dr. Landsteiner’s book, originally published in German, 
and now re-written for American publication. Although it is based on the 
extensive investigations of the author and his co-workers, it also represents 
an exhaustive cross-section of the literature of immunochemistry; and the 
value of this bibliograph}'’ is enhanced by its organization into the body of 
the text. 

The book begins with a discus.sion of the specificity of naturally occurring 
protein and cell antigens, and a chapter on the specificity of antibodies. 
There follows a consideration of artificially conjugated antigens, and the 
reactivity of the corresponding antibodies vdth simple chemical compounds. 
The last chapter deals with the recent work on the serologic reacti\aty of 
specific cell carboh 3 ’’drates and lipoids. 

The present status of our knowledge of specificity is accurate^’' reflected 
by the stress placed on tlie presentation of the actual experimental data 
rather than their premature interpretation, and by the fact also that in a 
book of this size, it was found neces.sary to devote onl}’’ 14 pages to anti- 
bodies. H. E. 

Pediatric Nutrsing. By John Zahorsky, M.B., M.D., F.A.C.P., Pro- 
fessor of Pediatrics and Director of the Department of Pediatrics, St. 
Louis University School of Medicine; Pediatrician-in-Chief to the 
St. Mary’s Group of Hospitals, etc., assisted by Beryl E. Hajiilton, 
R.N., Graduate of St. Luke’s Hospital, St. Louis. Pp. 568; 144 illus- 
trations and 7 color plates. St. I^uis: The C. V. Mosby Company, 
1936. Price, 83.00. 

This book should lie heartily welcomed by pediatric instructors as 
meeting the needs produced by tlie rapid changes in this vast field of caring 
for the sick child and for the proper development of tlie babj’’ and the well 
child. The subject material is clearly and simply outlined. Each chapter 
deals directly with practical points and sound theories as a guide in render- 
ing understandable nursing care to the sick individual. An interesting 
order of the development from the psj’’chological aspect avoiding the diffi- 
cult fads of recent years is noted. The book contains common sense 
indications for guidance of the baby into normal health and natural habits. 
The nursing points are concise and well emphasized in their descriptive 
manner. 

The illustrations of the technical procedures, of Avhich so mam' books 
have too few, are a valuable asset. Tliej' serve as a reminder of the demon- 
strations given to the students and portray a clear picture of the technique. 

The chapters on “Home and the Familj’’” and “Child Psycholog}'’’ 
bring a refreshmg appeal to the reasonable sensible approach of the parents 
and the nurse in managing the child. A wide scope of information is given 
to enlighten those who devote their time in caring for babies in an intelligent 
wholesome humane way. B. L. 
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l^re- Semaine Medicale Intbhnationale en Sbisse, Monthettx, 9-14 
Septbmbbe, 1935. Organisee par le Journal Suisse de Medecine. Sous 
le patronage du Haut Conseil F4d4ral de la Confederation Suisse. Pp. 
477 ; illustrated. Bale: Benno Bcluvabe & Cie, 1936. Price, Sw. Fr. 20. 
This report of the first Swiss International Medical Week plunges so 
abruptly in medias res that one can find nothing about the nature of the 
gathering ex'cept that it was organized by the Swiss Journal of Medicine, 
under the patronage of the Federal Council of Switzerland and was attended 
by some 250 doctors from several countries. The 29 addresses, many by 
Well-known European authorities, are grouped under the general headings 
of General Therapy, Vitamines and Hormones (included in this section is 
Sigerist’s “The Present Unrest in the Medical World!”), Internal Medicine, 
Pediatrics and Nutrition, Cancer and Radiation Therapy, and Actual 
Problems (!). "The various presentations, as might be expected, show a 
considerable variation of excellence. E, K. 


The Baby and Grovung Child. Feeding and Health Care for Physicians, 
Mothers and Nurses. By Louis Fischer, M.D., Consulting Physician 
to the Willard Parker Hospital, New York City, and St. Vincent’s 
Hospital, Montclair, N. J., etc. Pp. 260; many illustrations, some in 
colors. New York: Funk & Wagnalls Company, 1936. Price, S1.50. 
In the opinion of the Reviexver, this is another volume on the care of 
children which goes too far in what it attempts. It would seem reasonable 
to suppose that a certain amount of standard and fundamental information 
should be placed at the disposal of young mothers. In the opinion of the 
Reviewer, and this opinion is shared by many other pediatricians, this 
body of fundamental facts can be condensed into a very short volume. 
It is not good judgment to encourage the diagnosis and treatment of disease 
or disorders of nutrition by the laity. E. T., Jh. 


pROTOBLASM. By WiLLiAM Sbifbiz, Ph.D., Professor of Botany, Uni- 
versity of Pennsylvania, Philadelphia. Pp. 584; 179 illustrations. New 
York; McGraw-Hill Book Company, Inc., 1936. Price, S6.00. 


The subject of this book is "living matter in its simplest form.” Though 
the description of Dujardin, the discoverer of protoplasm (1935), is still 
"as accurate as any that can be given,” and though this presentation is 
for students in biology and medicine in form “as nontechnical as is con- 
sistent with accuracy and completeness (!)” yet a ■nude range is covered 
in a way that demands careful study by colleagues as well as students. 
Exemplifjung the opening quotation from Descartes on the interdependence 
of science, the 27 chapters proceed from such technical fields as micrur^ 
and tissue culture to 9 chapters on the biophysics of colloids, osmosis, 
elasticity and so on; 2 on electrophysiology; 5 on the biochemistry of salts, 
carbohydrates, fats, proteins and regulatory substances; concluding with 
one on “the origin of li^’ing matter.” This predominantly physical 
approacli is in line with the Zeitgeist, as is the avoidance of “severely 
adverse or destructive criticism and finality in statement, for both are out 
of place in science, especially today, when change and doubt are the very 
spirit of scientific thought.” Lacking the special knowledge that the 
author so obviously possesses, the Re%iewer refrains from any attempt 
to criticize the subject matter; he has a strong impression that this is an 
accurate presentation of an important subject in an able, up-to-date manner. 

E. K. 
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A Manual of Practical Obstetrics. By O’Donel Browne, M.B., B.Ch., 
B.A.O., F.R.C.P.I., L.M. (Rotunda Hospital), M.C.C).G., Assistant 
Gynaecologist, Sir Patrick Dun’s Hospital, Dublin; Assistant to the Pro- 
fessor of Midwifery, Trinity College, Dublin. _Pp. 363; 236 illustrations 
and 10 plates, some in color. Baltimore: William Wood & Co., 1936. 
Price, S6.50. 

The Thyroid. Surgery, Syndromes, Treatment. By E. P. Sloan, M.D. 
Edited by Members of the Sloan Clinic: Guy A. Sloan, M.D.; H. P. 
Sloan, M.D.; Frank Denben, M.D.; H. W. Wellmerling, M.D.; 
0. H. Ball, M.D., and with a Foreword by William Seaman Bain- 
bridge, M.D. Pp. 475; 99 illustrations. Springfield, 111.: Charles C 
Thomas, 1936. Price, SIO.OO. 

The Toxannias of Pregnancy. By Dame Louise McIlroy, D.B.E., LL.D., 
M.D., D.Sc. (Glasg.), D. Sc. (Bond.), D. Sc., Hon. (Belfast), F.C.O.G., 
M.R.C.P., Consulting Obstetrician and Gynaecological Surgeon, Royal 
Free Hospital; Surgeon, Marie Curie Hospital, etc. Pp. 355; 19 illustra- 
tions. Baltimore: William Wood & Co., 1936. Price, 85.00. 

Diatetik. Die Emahrung des Gesunden und des Kranken. By Privat- 
dozent Dr. Wilhelm Heupe, Oberarzt an der medizinischen Univer- 
sitatg-Poliklinik, Frankfurt A. M. Band XX of Medizinische Prajds, 
Sammlung fiir arztliche Forbildung. Pp. 192. Dresden: Theodor Stein- 
kopff, 1936. Price: Paper, Rm. 9.50; bound, Rm. 10.80. 

Tissue Imniiinity. By Reuben L. Kahn, M.S., D.Sc., University of Michi- 
gan, Ann Arbor. Pp. 707; illustrated. Springfield, 111.; Charles C 
Thomas, 1936. Price, 87.50. 


NEW EDITIONS. 

The Operations of Surgery. Vol. 1. The Upper Extremity, The Head and 
Neck, The Thorax, The Lower Extremity, The Vertebral Column. By 
R. P. Rowlands, M.S. (Lond.), F.R.C.S. (Eng.), Late Surgeon to 
. Guy’s Hospital; Late Lecturer on Surgery to the Medical School, and 
Philip Turner, B.Sc., M.S. (Lond.), F.R.C.S. (Eng.), Consulting Sur- 
geon to Guy’s Hospital; Formerly Lecturer on Surgery and Teacher of 
Operative Surgerj’- to the Medical School. Pp. 1043; 435 illustrations 
(38 in color). Eighth edition. Baltimore: William Wood & Co., 1936. 
Price, 810.00. 

An Index of Treatment. By various VTiters. Edited bj’- Robert Hutchin- 
son, M.D., LL.D., F.R.C.P., Consulting Phj'sician, London Hospital, 
and Hospital for Sick Children, Great Ormond Street. Pp. 1020; 147 
illustrations. Eleventh edition, revised. Baltimore: William Wood & 
Co., 1936. Price, .$12.00. 

Blulung und Fluor. By Prof. Dr. Hans Runge, Direktor der Univer- 
sitiits-Frauenklinik Heidelberg. Band IX of Medizinische Praxis. 
Sammlung fur arztliche Fortbildung. Pp. 117; IS illustrations. Second 
enlarged edition. Dresden: Theodor Steinkopff, 1936. Price, paper, 
Rm. 7; bound, Rm. 8. 
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MALIGNANT TUMORS OF THE UTERINE BODY. 

In the present review, as the title indicates, we shall exclude the more 
common carcinoma of the cervix and confine ourselves to several malig- 
nant neoplasms Avhich involve the fundus of the uterus, the most com- 
mon of -which is adenocarcinoma. In order to obtain anything like a 
satisfactory result in dealing with uterine cancer, it is necessary to make 
an early diagnosis. Of all symptoms which should make us suspicious 
of this disease, the most important is postmenopausal bleeding, which, 
however, does not always indicate the presence of cancer. This subject 
has been studied in a series of 315 cases of postmenopausal hemorrhage 
by Schulze,* who found that in 215 cases, or more than two-thirds of 
the total number, the bleeding was due to a malignant tumor of the 
genital tract and of these the very great majority were uterine tumors.' 
Carcinoma of the cervix was present in 153 patients, in 14 of which the 
carcinoma had developed in the cervical stump following supravaginal 
hysterectomy. The histologic' diagnosis of adenocarcinoma of the 
stump appearing rather soon after supravaginal hysterectomy aroused 
the suspicion in 3 of these cases that the tumor might have arisen from 
a fundal adenocarcinoma overlooked at the primary operation. Fifty- 
one women in the series had fundal adenocarcinoma, 2 had sarcoma and 
1 had a chorioepithelioma; 3 women had vaginal carcinoma, 2 had 
urethral carcinoma and 1 had a vulvar cancer. Among the ovarian 
tumors associated with postmenopausal hemorrhage were 2 ovarian 
cancers and 2 granulosa cell tumors. Benign tumors causing bleeding 
are relatii’ely infrequent in older women. There were only 5 myomata 
in the series but mucous poljqii, both of the fundus and of the cervix 
are comparatively common and are usually an obvious cause of hemor- 
rhage. Other more or less common causes of postmenopausal bleeding 
are: that due to trauma to a prolapsed uterus, ill fitting pessaries, senile 
vaginitis, trichomonas infestation, urethral caruncle and endocervicitis. 
This study shows that by no means all postmenopausal bleeding is due 
to fundarcancer, but it also shows that this disease is common enough 
in patients who present this sjTuptom, that in the absence of any oliY-ious 
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explanation of the bleeding, cancer must he considered as probable 
until it is definitely excluded. 

A study of case histories of patients with fupdal cancer at The Mayo 
Clinic has been made by Judd, Phillips and Waldron.^ They found 
that the patients usually come for consultation because of a trouble- 
some vaginal discharge or because of some irregularity in the menstrual 
eycle, and that ordinarily pain is not a feature of the complaint until 
later in the course of the disease. A persistent increase in the menstrual 
flow, or spotting between the periods after the age of 35 years should be 
carefully investigated, particularly if it occurs after the menopause. 
They found that bet^veen 60 and 65% of carcinomas of the uterine body 
are observed after the menopause. Fortunately, carcinoma of the body 
of the uterus has a tendency to be confined to the endometrium and does 
not invade the muscular wall of the uterus or extend to the peritoneum 
for a considerable time. This is partially explained by the fact that the 
lesions are usually not of the active type as classified according to 
Broders’ index of malignancy, being usually of Grade 1 or 2. Extension 
to the lymph nodes' is uncommon because the uterine muscle limits the 
growth and forms a barrier to the lymph channels so that there is a 
satisfactory response to treatment in many cases in spite of the duration 
and local extent of the disease. e 

Some interesting biometric studies on endometrial cells have been 
made by McCormack,® who measures the size of the nucleus and nucleo- 
lus of cells of the uterine glands in various pathologic conditions, to 
determine the relation that exists between them, especially in benign 
as contrasted with malignant conditions. Forty-eight specimens of 
endometrium were studied; these consisted of 34 specimens of hyper- 
trophied endometrium, 4 of adenomyoma, 6 of polypoid endometrium, 
and 4 of adenocarcinoma. Twenty cells in each of the 48 specimens 
were studied. In malignant tissue, sections of the nuclei average 64.9 
square microns in area, while in benign tissue, sections of the nuclei 
average 51.7 square microns. In malignant tissue, sections of the 
nucleoli average 3.9 square microns in area while in benign tissue they 
average only 1.4 square microns. In malignant cells the ratio in size 
of nucleolus to nucleus is 1:16.6 while in benign cells this ratio is 1:36.9. 
This study shows clearly that the important biometric differences be- 
tween malignant and benign cells are: (1) the larger nucleus and 
nucleolus in the malignant cell, and (2) the smaller ratio that exists 
between the size of the nucleolus and nucleus in the malignant cell. 

While it usually assumed that all cancers of the fimdus of the uterus 
are adenocarcinomas, it should be remembered that in exceptional in- 
stances the growth may be a squamovs cell carcinoma. Gellhorn^ has 
reported 2 personal observations of this tj'pe to be added to tlie very 
scanty international literature on the subject. Of course, squamous 
cell cancer cannot develop directly from the cylindrical epithelium of the 
endometrium. There must first occur as a connecting link a change 
from the cylindrical to the pavement epithelium. This metaplasia 
may be either the result of certain conditions acquired during the 
lifetime of the individual or it may be the ex'pression of a faulty em- 
bryonic development. 

Surgical Treatment. In order to determine whether operation or 
irradiation gives the better results in fundal cancer, Xordmeyer* ana- 
lyzes the results from the gynecologic clinic at Goettingen and compares 
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them with the world literature on the subject. At his clinic, from 1926 
to 1930, there were 78 cases of fundal cancer, all microscopically proven. 
Of these, 62 were operable and 16 inoperable. The absolute cure rate, 
(that is, the percentage of cures to the total number seen) was 46.1%. 
The relative healing of the operable cases was 58%, while there were no 
cures in the inoperable cases. Of the operable cases 34 were treated by 
surgery and 28 by irradiation. Of the 34 operated upon, 24 were cured 
(70.6%), while of the 28 treated by irradiation, 12 were cured (42.9%). 
The primary mortality of operation was nil while irradiation gave a 
primary mortality of 9.1%. In the world literature which he collected, 
surgery gave a cure rate of 56.8% against a rate of 50.5% for irradiation. 

Reporting from Stoeckel’s clinic in Berlin, Volbracht® states that in 
the period from 1926 to 1930 they treated 112 patients, of which 70 
were operated upon with a mortality of 7.1% with a recurrence rate of 
25.7% and a 5-year curability of 67.1%. Of the 42 who were treated by 
irradiation alone there was a primary mortality of 2.4% recurrence in 
50% and a 5-year cure in 47.6%. As a result of this comparison he 
believes that operation is the treatment of choice, especially since the 
rate of operability is high. Of course radium irradiation must be used 
in the inoperable cases and in those in whom surgery is contraindicated 
because of associated serious systemic disease. 

Beattie^ calls attention to the fact that several histologic types of 
adenocarcinoma may be found in any one specimen so that it is im- 
possible, in all cases, to diagnose the histologic nature of the main mass 
of a carcinoma from curettings alone. For this reason he believes that 
the prognosis cannot always be based upon the histologic report, as so 
many investigators, particularly in this country, have stated in recent 
years. As to treatment, his series has shown to his satisfaction that 
surgery is the method of choice, since surgery with or without supple- 
mentary irradiation gave 58% of 5-year cures as opposed to 18% of 
5-year cures in the cases receiving irradiation alone. 

In reporting a series of 56 patients which they treated, Newell and 
Crossen® state that in comparing the results of different methods of 
treatment for any grade of corpus carcinoma, the comparison should be 
made with cases of the same approximate extent, that is, early cases to 
early cases and late cases to late cases. Otherwise there may be errone- 
ous conclusions as to the efficacy of the different methods of treatment. 
This point is illustrated by their series in which death resulted in nearly 
all patients receiving only irradiation, which would seem to indicate 
that irradiation has very little curative effect. But when the extent of 
the disease is considered, we find that practically all cases presenting 
reasonable hope of cure were subjected to operation, irradiation alone 
being limited to the hopeless cases. They feel at present that operation 
plus irradiation is the safest plan of treatment. If the patient is a good 
operative risk, hysterectomy is performed and is supplemented by 
irradiation to devitalize any cancer cells which may be beyond the 
structures removed. This may be given before or after the operation 
or both, and may be given by Roentgen ray or radium or both. In 
their series 20 cases Avere treated by operation alone Avith 13 cures for 
over 5 years, 23 Avere treated by operation plus irradiation Avith 14 cures 
for ov'er 5 years, Avhile irradiation alone gaA-e only 2 cures in 13 cases 

treated.- _ , u 

At The Mayo Clinic, according to Judd, Phillips and \Vaidron,- 
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total abdominal hysterectomy with removal of both tubes and ovaries 
is the preferable treatment because of the tendency of carcinoma in this 
location to be of low grade and to remain localized. 

Removal of the tubes and ovaries is essential, for it precludes the 
possibility of development of secondary growths from malignant cells 
that may have migrated to these tissues. The immediate mortality 
rate is lower following this operation than it is after hysterectomy of 
the Wertheim type. Such satisfactory results have been obtained by 
them that they have been encouraged to extend the operation to some 
cases in which widespread involvement precluded anything more than 
temporary relief. In many of these cases it has controlled the process 
for a much longer period than could reasonably have been anticipated. 
Late in the course of the disease the bladder, rectum and vagina may be 
involved in a solid carcinomatous mass. In these cases and in those in 
which the risk of surgical procedure is definitely out of proportion to the 
benefit to be obtained, the use of radium may have some palliative 
effect. 

Irradiation Therapy. Based upon the results obtained in his large 
experience at the Memorial Hospital in New York, Healy®- “ has 
become a strong advocate of irradiation therapy in fundal cancer. He 
states that for a long time it has been generally assumed that, since 
carcinoma of the corpus is a glandular variety of cancer, it is radiation 
resistant, and irradiation therapy could not be used to advantage to 
control tumor growth. However, irradiation has been used in patients 
who declined operation or were poor risks for major surgery and it has 
been noted that such patients were often benefited and at times appar- 
ently cured. Moreover, it was recognized that a great many patients 
in whom hysterectomy had been done did not remain well but developd 
local recurrences or distant metastases 2 or 3 years after operation and 
ultimately died of cancer. He divides corpus cancers into four histologic 
groups: 

1. Papillary adenoma malignum. The growth is entirely papillary 
and may not be superficial but as a rule does not tend to invade the 
myometrium. It resembles adenomatoid endometritis and the cells 
show very little change from the normal. 

2. Adenoma malignum. The microscopic picture is characterized 
by large or giant glands, often greatly elongated, lined by several layers 
of cuboidal and cylindrical cells. The stroma is gi’eatly reduced and the 
enlarged glands adjoin each other, often in groups of 3 or 4 surrounded 
by strands of stroma. The nuclei of the gland cells are large and hyper- 
chromatic and stain deeply. Any tendency on the part of the cells to 
break through into the stroma and to form solid masses takes the tumor 
out of this group and places it in the next one. 

3. Adenocarcinoma. Histologically the cases in this group are 
characterized by greater malignancy. The cells are more atypical and 
there is more evidence of anaplasia than in the preceding groups and the 
tumor while still retaining its glandular arrangement, nevertheless 
infiltrates the stroma and forms solid masses of tumor cells. It 
is this evidence of infiltration which distinguishes this group from the 
preceding one. 

4. Cellular (anaplastic) adenocarcinoma. Cases in this group are 
characterized histologically by diffuse growth of small round cells and 
polyhedral cells often entirely lacking in glandular arrangement. The 
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cells may be closely packed together, stroma scanty, mitotic figures 
numerous and marked evidence of anaplasia is seen. 

Healy observes that 100% of all Group 1 patients and 87.5% of 
Group 2 patients are alive, regardless of the plan of treatment followed. 
This would seem to indicate that the disease in these histologic types 
remains localized in the uterus for a long time and if the risk of hyster- 
ectomy is not too great, a cure may be obtained by this procedure. On 
the other hand, when operation is contraindicated, irradiation may be 
carried out to advantage. He believes it is highly significant that the 
patients in whom irradiation rvas used in full dosage, either alone or 
some weeks before hysterectomy have remained free from recurrent or 
metastatic disease and have lived longer than those patients treated by 
hysterectomy before irradiation or by hysterectomy alone. In view of 
the marked difference in end results in the two major histologic types 
represented by the adenoma malignum type and the adenocarcinoma 
type and therefore, the prognostic value of knowing as soon as possible 
the histologic type in which the particular case falls, it would seem 
highly desirable to obtain tissue from within the uterus for microscopic 
study before even curettage is done. If this is not possible, a quick 
report from either frozen section atjthe time of curettage or in 4 or 5 
hours would be helpful in planning treatment. In adenocarcinoma, 
even if the patient is in condition for hysterectomy, he believes that it is 
best to institute a full dosage of intrauterine irradiation supplemented 
by deep Roentgen ray therapy previous to hysterectomy. Also in 
order to permit the full effect of irradiation to be obtained the opera- 
tion should be delayed from 4 to 6 weeks following irradiation. Post- 
operative irradiation with radium applied in capsules throughout the 
length of the vaginal tube and a Roentgen ray cycle should be utilized 
as an additional precautionary measure 8 to 12 weeks after hj^terectomy 
in cases of adenocarcinoma. In his experience 39% of the patients with 
adenocarcinoma die within 3 years, whereas in the adenoma malignum 
varieties only 7% die witliin the first 4 years. Two interesting observa- 
tions have been made on this combined method of treatment; first, 
the hysterectomy has not been made more difficult because of the pre- 
operative irradiation and, second, very little viable cancer and in more 
than half the cases no cancer at all could be found in the uterus on 
microscopic examination after its removal. In his series of 134 cases 
there has been no operative mortality. In the cases treated by irradia- 
tion alone, it is desirable to check the result by an exploratory curettage 
•about 12 to 16 weeks later and if cancer is found further irradiation 
therapy is indicated, or if possible the uterus should be remo^•ed. 

At the Woman’s Hospital in New York, Ward‘“ found that carcinoma 
of the fundus occurs in about 10% of the cases of uterine cancer, and 
since 1919 there have been 134 such cases in that hospital. Of the 92 
patients who have been treated, 61 received irradiation alone, 25 were 
treated by radium and hysterectomy, and G received operation alone. 
.As this t^’pe of disease is more frequent in the later decades of life, many 
patients arc poor operative risks on account of old age, obesity, cardio- 
vascular disease, deficient renal function or diabetes. These complica- 
tions were present in more than .50% of hi.s cases, .so that radiotherapy 
alone liad to be relied upon. ; , 

A'oltz''* states that from 1913 to 192S in the irradiation clinic of 
Doederlein in hlunidi, there were 13S cases of fundal cancer treated by 
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irradiation, of whom 56 (40.6%) were alive and free from disease 5 
years later. 

Sampson^^ is of the opinion that radium is of value in those cases in 
which it can be brought into intimate contact with the growth, but as a 
result of his laboratory studies he has found that in many instances it 
is a matter of chance as to whether the radium gets into such intimate 
contact. He has made skiagrams of uteri removed at operation, with 
and without carcinoma of the body, in which capsules have been placed 
just as w'ould be done in the radium treatment. He found that the 
radium may not get into intimate contact with the cancer due to faulty 
technique in placing the capsules, large uterine cavities, cavities of the 
Y type with carcinoma in one or both cornua, intramural myomas or 
poljqos which deflect the capsules or shield part of the growth from the 
radium and bulky carcinomas which distend the uterine cavity. Un-. 
fortunately the presence of such conditions can be determined with 
certainty only after the organ has been removed and even then there 
may be metastases to other organs which cannot be detected. How- 
ever, in spite of the uncertainties of the mtrauterine application of 
radium, he believes that it is of the greatest value in many instances. 
We are much better able to judge the condition of the patient as a 
surgical risk than we can foretell if all of the growth can be reached by 
radium. Because of the inability to make an accurate pretreatment 
diagnosis of the exact situation and extent of the growth and the fact 
that all of the carcinoma may sometimes be removed where radium 
would fail, he believes that the removal of the entire uterus, tubes and 
ovaries is indicated in patients who'are good surgical risks. Radium is 
indicated in hazardous surgical risks, especially when the uterus is 
small and the adnexa are not enlarged and also in evident irremovable 
carcinomas. 

Chorioepithelioma. Although in discussions concerning malignancy 
of the uterus the type knovm as chorioepithelioma is always considered, 
in reality it is quite a rare disease and few clinics have an opportunity 
of observing more than a very occasional case. In discussing this sub- 
ject, Black'® presents the important points to be remembered in connec- 
tion with its diagnosis and treatment. He stated that a uterine hemor- 
rhage or a blood tinged discharge following pregnancy (especially a 
hydatidiform mole) with a positive Aschheim-Zondek test, should 
arouse suspicion of a chorioepithelioma. It should be remembered 
that while almost half of the cases follow moles, only about 1% of moles 
are followed by chorioepitheliopias: therefore, a hysterectomy or large 
doses of radium are not justifiable in young women with moles. In the 
cases which have been definiteh’^ diagnosed chorioepithelioma from the 
histologic examination of the curettings, e.specially in the presence of a 
tjq)ical clinical history, a panhysterectomy should be performed and 
irradiation treatment instituted. As embryonic cells are verj' sensitive 
to radium rays, radium is a good prophylactic and curative agent in 
selected cases. Repeated xVschheim-Zondek tests following moles and 
especially hysterectomy for chorioepithelioma are of paramount prog- 
nostic importance, since the pregnancy reaction in mice is twelve: times 
stronger in a mole and chorioepithelioma than in a 2-months’ gestatfon, 
so that the persistence of the reaction after laljor or abortion should be 
regarded with suspicion. On the other hand, if such patients present a 
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negative reaction to the test, one may feel reasonably assured of no 
further trouble. 

Mathieu and P almeP® feel that in the light of our present knowledge, 
chorioepithelioma can be definitely diagnosed shortly after its inception. 
They believe that every patient Avho passes a mole should have her 
urine examined for anterior pituitary-like hormone by the Friedman 
test monthly for a year at least. In this wmy a developing chorioepi- 
thelioma might be diagnosed and removed before symptoms appear or 
before metastases develop. They report 2. cases in which the diagnosis 
was made early in this way, the patients operated upon and cured. 
The first case was diagnosed 2 months and 4 days, the second 3 months 
and 4 days after the passage of a mole. They believe that their first 
case is unique. Following the curettage for the removal of the hydatid 
material the patient was absolutely free from symptoms. There was no 
more bleeding, her blood count increased, the uterus and pelvic contents 
were normal to palpation, she was in good health, free from complaints 
and had gained weight. There was no cough nor any sign of lung in- 
volvement. The sedimentation rate remained slightly increased and 
the Friedman test was persistently positive. In all the other cases 
reported there was bleeding, signs of metastases, enlargement of the 
uterus or some other signs of chorioepithelioma. The question of re- 
moval of the ovaries in conjunction with hysterectomy for this disease 
will bear discussion. In other forms of malignancy there will be less 
danger of recurrence if a complete operation is done. However, these 
authors believe that in cases of chorioepithelioma diagnosed early, one 
need not remove the ovaries. In their first case only a supravaginal 
hysterectomy was done and there was no evidence of recurrence. In 
the second case a complete hysterectomy was done because of severe 
lacerations of the cervix, and the right ovary was removed only because 
it was adherent. 

Leventhal and Saphir” state that prior to the utilization of the Asch- 
heim-Zondek test most cases of chorioepithelioma were' not diagnosed 
until a uterine mass was palpable, until a curettage brought forth char- 
acteristic tissue or until metastases in the lungs or vagina appeared. 
Often a mass was not palpated until metastases had appeared. Curet- 
tage as a diagnostic method not only is uncertain because of the possible 
location of the tumor at a distance from the endometrium but is danger- 
ous, because the site of a friable growth may be perforated. The use of 
the Aschheim-Zondek test following a mole obviates the necessity of a 
curettage and its attendant dangers and is a diagnostic method by which 
very early chorioepithelioma may be revealed, even before a tumor is 
palpable or hemorrhage occurs. In the quantitative hormone test an 
additional method becomes available. In normal pregnancy the con- 
centration of anterior pituitary-like substance in the urine begins to 
diminish after the sixth or eighth week. In a hydatidiform mole the 
concentration increases progressively and rapidly. In the absence of 
clinical manifestations, an amount of gonadotropic substance in the 
urine in excess of 20,000 mouse units per liter indicates an early chorio- 
epithelioma. They diagnosed an early case solely on the basis of the 
laboratory finding of 333,000 mouse units in a patient who had expelled 
a mole 4-| months previously. Recurrence of the disease or mptastase.s 
may be discovered by the Aschheim-Zondek reaction, and this should 
determine the use of radiation therapy. 
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Mazer and Edeiken^® caution that abnormal bleeding following a 
normal pregnancy or a mole should not be treated by radium because it 
masks the symptoms of chorioepithelioma and they also believe that it 
is impossible to make an early diagnosis of this tumor by means of 
uterine curettage. The source of the hormone responsible for the 
Aschheim-Zondek reaction is living chorionic epithelium which should 
not persist longer than 2 Aveeks after the termination of a normal preg- 
nancy or 8 weeks after the expulsion of a mole. The quantity of the 
hormone excreted is proportional to the amount of abnormal chorionic 
epithelium present, hence a gradual increase in its excretion, with 
accompanying uterine bleeding following a pregnancy is indicath^e of 
chorioepithelioma. 

An interesting case reported by FeineE® is that of a 28-year-old 
woman in whom a vaginal tumor developed, possessing the histologic 
structure of a chorioepithelioma, 2f years after the last demonstrable 
pregnancy. In view of the number of similar cases which have been 
reported, he believes that whereas in the vast majority of cases all 
fetal elements are destroyed by the maternal tissue within a compara- 
tively short time after the termination of pregnancy, in exceptional 
instances fetal epithelia may remain dormant in the maternal host, 
either at the placental site or elsewhere for months or years and then be 
stimulated to malignant proliferation by some unknown agency. The 
fact that many of these cases have developed long after the menopause 
would effectually disprove the theory that in all such cases an interven- 
ing pregnancy has escaped detection. . 

Sarcoma. A group of 4.3 ca.ses of sarcoma of the uterus has been 
analyzed by Kimbrough-” in connection with a review of the literature 
dealing with the results of treatment. The incidence of sarcomatous 
degeneration in his series of myomas, as well as in the cases collected 
from the literature was 0.76%. The total .5-year salvage was 34.3% 
but taking only the 20 operable cases the .5-year salvage was 50%. The 
prognosis in sarcomatous degeneration of a myoma is three times more 
favorable than in primary sarcoma and likewise the salvage in younger 
women is more than three times as great as in women who ha^-e passed 
the menopause. Considering the histologic tj'pes, he found that the 
small round cell and polymorphous tumors are more highly malignant 
than the spindle cell sarcoma. As Avould be expected, the recurrences 
after operat on Avere more than tAvice as frequent in those tumors AA'hich 
presented a large number of mitotic figures as in the tumors Avith rela- 
tively loAv counts and conA’ersely, the 5-year salvage was almost four 
times as great in the Ioav count groups as in the tumoi’s shoAA’ing more 
numerous mitoses. Therefore, although mitosis merely indicates rapid 
groAvth, from a clinical standpoint the number of mitotic figures is a 
reliable gauge of the degree of malignancy and hence is of prognostic 
AAalue. 

Frank B. Brock, M.D. 


REFERENCE.S. 

1. Sohulzo, M.: Postnienopnusal IlemorrhaKC. Calif, and AVcsf. Mad.. 39. 1.5S 
1933. 

3. .ludd. E. S., Phillips, .T. R., and AA'aldron. G. AV.: Curability of Carcinoma of 
the Body of the Uterus, Proe. .‘^tafT Meet. Mayo Clinic, 8. .147, 1933. 

3. McCormack, C. . I.: Biometric Studie.s of Endometrial Cells, Ibid. 10. 34, 1935. 



588 


PROGRESS OP MEDICAL SCIENCE 


4. Gollhorn, G.: Primary Squamous Cell Carcinoma in The Body of the Uterus, 
Am. J. Obst. and'Gynec., 31, 372, 1936. 

.5. Nordmoyer, K.: Die Therapie des Korpuskarzinoms: Operation oderBestrah- 
lung? Zentralbl. f. Gynak., 59, 1415, 1935. 

6. Volbracht, R.: Berieht ueber Behandlungsorfolge beim Korpuskarzinom, Ibid. 
60, 796, 1936. 

7. Beattie, J.; Carcinoma of the Body of the Uterus; Study of 50 Cases, J. Obst, 

and Gynec., Brit, Emp., 40, 768, 1933. i 

5. Newell, Q. U., and Crossen, H. S.; Five-year Results in Fifty-Six Cases of 
Careinoma of Corpus Uteri, Am. J. Obst. and Gynec., 29, 326, 1935. 

9. Healy, AV. P.: Evaluation of Radiation Therapy in Malignant Disease of 
Female Generative Tract, Ibid., 26, 789, 1933. 

10. Healy, W. P.; Radiation Therapy in Carcinoma of Corpus Uteri, Ibid., 27, 
1, 1934. 

11. Healy, W.P.; IrradiationTherapy in Cancer of Corpus Uteri; Indications and 
Technique, Am. J. Surg., 27, 401, 1935. 

12. Ward, G. G.; Evaluation of Radiotherapy for Carcinoma of Uterus after 15 
Years’ Experience at Woman’s Hospital, South. Med. J., 29, 282, 1936. 

13. Voltz, F.: Weitere Ergebnisse der Strahlenbehandlung des Uteruskarzinoms, 
Zentralbk f. Gyniik., 58, 2466, 1934. 

14. Sampson, J. A.: Limitations and Dangers of Intrauterine Application of 
Radium in Treatment of Carcinoma of the Body of the Uterus, Am. J. Obst. and 
Gynec., 28, 783, 1934. 

15. Black, AV. T.: Chorioepithelioma of the Uterus, Am. J. Surg., 20, 638, 1933. 

16. Mathieu, A., and Palmer, A.: Early Diagnosis of Chorioepithelioma, Surg., 
Gynec. and Obst., 61, 336, 1935. 

17. Leventhal, M. L., and Saphir, AV.: Chorioepithelioma; Early Diagnosis by 
Quantitative Determination of Anterior Pituitary-like Principle from the Urine of 
Pregnancy, J. Am. Med. Assn., 103, 668, 1934. 

18. Mazer, C., and Edeiken, L.: Value of Aschheim-Zondek Reaction in Diagnosis 
and Prognosis of Chorionephitheloma, Am. J. Obst. and Gynec., 26, 195, 1933. 

19. Feiner, D.; Chorionepithelioma with Long Latent Period, Ibid., 29, 840, 1935. 

20. ISimbrough, R. A., Jr.: Sarcoma of the Uterus: Factors Influencing Results of 
Treatment, Ibid., 28, 723, 1934. 


Notice to Contributors. Manuscripts intended for publication in the American 
Journal of the Medical Sciences, and correspondence, should be sent to the 
Editor, Dr. Edw'ard B. Krumbhaar, School of Medicine, University of Pennsylvania, 
Philadelphia, Pa. 

Articles are accepted for publication in the American Journal of the Medical 
Sciences exclusively. 

All manuscripts should bo typewritten on one side of the paper only, and should be 
double spaced with liberal margins. The author’s chief position and, when possible, 
the Department from which the work is produced should lie indicated in the subtitle. 
Illustrations accompanying articles should be numbered and have captions bearing 
corresponding numbers. For identification they should also have the author’s name 
written on the margin. The recommendations of the American Medical Association 
Style Book should be followed. It is important that references should be at the end 
of the articles and should be complete, that is. author’s name, journal, volume, page 
and year (in iVrabic numbers) . Titles can be included for less than 25 references. 

Return postage should accompany all manuscripts but will be returned to the 
author if the manuscript is accepted. 

Two hundred and fifty reprints, with covers, are furnished gratis; additional 
reprints may be had in multiples of 250 at the expense of the author. They should 
be asked for when the galley proofs are returned. 

Contributions in a foreign language, it found desirable for the Journal, will bo 
translated at its expense. 



THE 


AMEEICAN JOUENAL 

OF THE MEDICAL SCIENCES 

NOVEMBER, 1936 


ORIGINAL ARTICLES. 

PROTAMINE INSULIN IN THE TREATMENT OF DIABETES 

MELLITUS.* 

By W. R. Campbell, M.D., F.R.S.C., 

ASSOCIATE IN MEDICINE, UNIVEBSITY OF TORONTO, 

A. A. Fletcher, M.B., F.R.C.P.(C.), 

ASSOCIATE IN MEDICINE, UNIVERSITY OF TORONTO, 

AND 

R. B. Kerr, M.D., 

FELLOW IN PHYSIOLOGY, UNIVERSITY OF TORONTO, 

TORONTO, CANADA. -• 

(From the Departments of Medicine and Physiology, University of Toronto, and the 
Medical Service, Toronto General Hospital.) 

Fourteen years ago the extraetion of insulin by Banting and 
Best, and its isolation in relatively pure form by Collip was reported 
to this Association, together with some of the physiological and 
clinical effects of the hormone.^ This hormone has been .successful 
in controlling practically all cases of diabetes mellitus. Two draw- 
backs to its use, however, were early recognized : the short duration 
of its action, and its tendency to bring about the clinical syndrome of 
hypoglycemia. With further purification, these two defects became 
more jirononiiced and insulin appeared to become almost explosi^'e 
in its action. The more severe cases of diabetes required 4 or even 
5 injections a day and, during the hours of sleep, hypoglycemia or 
hy])crglycemia, glycosuria and ketosis might supervene. Examin- 
tion of the blood throughout a 24-hour period revealed wide varia- 
tions in the blood sugar levels, even under the most careful adjust- 
ment of insulin administration and diet. 

* Read .at the Association of American Physicians, May C, 1930, Atlantic Citv, 
N, J. 


VOL. 192, NO. 5. — ^•O^XMDER, 193G 



590 


CAMPBELL^ FLETCHER' AND KERR: 


The effects of purification of insulin have not been wholly unde- 
sirable. The number of local reactions to the injection of insulin 
has markedly diminished. Through increased rate of action of the 
insulin, the chances for recovery of the practically moribund coma- 
tose diabetic have probably increased. Likewise, a rapidly acting 
insulin is of considerable value in patients suffering from infections, 
previous to emergency operations on diabetics, and so on. 

While many attempts have been made to slow up the action of 
insulin, none have proved practical clinically until Hagedorn^ and 
his coworkers introduced a combination of a protamine and insulin, 
which they called protamine insulinate. This is administered in a 
suspension relatively insoluble at the pH of the body. Last January 
they reported the results of their clinical experience and stated: 
that protamine insulin would depress the blood sugar level twice as 
long as regular insulin; that hj^pogljmemic reactions were less fre- 
quent; and that they had treated severe cases of diabetes successfully 
with not more than two injections daily. These observations have 
been repeated and confirmed by Root, White, Marble and Stotz,® 
by ourselves,'* and by Lawrence and Archer,® and it now appears 
that protamine insulin constitutes an important advance in the 
treatment of diabetes.* 

Adjustment of Dosage* Hagedorn recommended for routine use 
the administration of regular insulin before breakfast and protamine 
insulin before the evening meal. Regular insulin in this way would 
meet the heavier demands during the absorption of food, and pro- 
tamine would answer the lighter, but more prolonged requirement 
during the postabsorptive period. Most cases can be brought under 
good control by this method of treatment. 

During the past 6 months the Connaught Laboratories of the 
University of Toronto have furnished us with a compound insulin, 
using a protamine from a Pacific Coast salmon. This preparation 
appears to be somewhat slower in action than the Danish, and we 
have been able to control successfully a large proportion of cases, 
even the most severe, with a single injection of either protamine 
insulin or a mixture of protamine insulin and regular insulin. 

Diabetes of moderate severity, requiring, for example, 20 to 40 
units a day or ordinary insulin given in 2 doses, can usually be con- 
trolled by a single dose of 20 to 40 units of protamine insulin given 
in a single injection before breakfast. In the most severe cases, 
those which would require 60 to 100 units of re^lar insulin given in 
3 or 4 injections, a single dose of 50 to 60 units will usually bring 
about fair control. Not only can the insulin be given in a single 
dose, but there is usually some actual economy in the number^ of 
units given. These single injections appear to be most effective 

* Since this paper was read, Sprague, R. G., Blum, B. B., Osterberg, A. E., Kepler, 
E. J., and Wilder, R. M., have published an important paper on this subject. Cy. 
J. Am. Mod. Assn., lOB, 1701, 193G. 
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when given 1 hour or more before breakfast. Sometimes the action 
of protamine insulin administered in this way is not rapid enough to 
prevent hj’^perglycemia and gl 3 '-cosuria before breakfast, and a small 
amount of regular insulin may with advantage be given at the same 
time as the protamine insulin. It appears, however, that there is 
some variation in the rate of absorption and action of profamine 
insulin in different individuals and in a few cases the blood sugar 
will begin to rise considerabty before the expiration of the 24-hour 
period. In these Cases, a large dose of protamine insulin before break- 
fast (40 to 50 units) and a small dose of the same insulin (10 to 15 
units) given at bedtime may be effective when the single injection 
has failed to control the glycosuria and hyperglj^cemia. 

With diets high in carbohydrate, we have occasionallj'^ encountered 
cases which did not come under satisfactory control with these 
methods of treatment. It would appear in these cases that the blood 
sugar level was unstable or that the demand for insulin during the 
day was so much greater than at night that hypoglycemia or gly- 
cosuria at some part of the 24-hour period occurred. These cases 
were brought under control by the Hagedorn method. Possibly'- 
this method of using the regular insulin during the day and the 
protamine insulin at night may be the most suitable for this group. 

Diets. Protamine insulin has been used in the treatment of pa- 
tients on the different types of diet now in current use: 1, Those 
high in fat and low in carbohy'-drate;® 2, diets low in fat and high in 
carbohydrate;^ and 3, diets where the amount of carbohydrate and 
fat are about equal by weight.® We have continued to allow pa- 
tients about one gram of jirotein per kilo of body weight, except in 
those markedly ovenveight, and have established the total caloric 
intake at a low maintenance level. In most cases the carbohydrate 
has been divided between the 3 meals, so that somewhat less is given 
at breakfast time and more is given at mid-day and evening meals. 
We have been able to bring these cases under good control by"- some 
division of dosage between the 2 tyqies of insulin. On the whole, 
patients on diets high in fat and moderately low in carbohydrate 
have lent themselves more readily to treatment with the single large 
dose than patients on the other ty'pes of diet. Diets very' high in 
carbohy'-drate and low in fat have been less suitable for this method of 
treatment. It is our impression that greater latitude in the amounts 
of certain foods eaten (meat, fat and low percentage carbohydrate 
foods) may be allowed to patients than when regular insulin alone 
is used. 

Hypoglycemic Reactions. It is remarkable that large doses of 
this new insulin may' be given without the development of hypo- 
gh'cemic sy'mptoms. For example: in a case in which 20 units of 
regular insulin before brealcfast might bring about hypoglycemia 
before the lunch hour, 50 units of protamine insulin can usually' be 
given without the symptoms of liy'pogh'ceinia or even undue lower- 
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ing of the blood sugar. Also, -whereas even small increases in amount 
of ordinary insulin result in (1) a more precipitate fall of the blood 
sugar, (2), a greater degree of fall, and (3), no material increase in 
the duration of its action, a similar increase in the protamine insulin 
injected results in an increase in the duration of its action -without 
increasing the rate of fall of blood sugar or the liability to hypo- 
glycemic symptoms to any considerable extent. Possibly the slow 
rate of fall of the blood sugar is responsible for the fact that pa- 
tients may tolerate blood sugar levels as low as .045% without 
consciousness of hypoglycemic symptoms. 

Reactions have not been eliminated by the introduction of pro- 
tamine insulin, but their occurrence has been markedly decreased. 
With the one injection of a large amount of protamine insulin before 
breakfast, the blood sugar has usually reached its minimum level 
sometime between midnight and 4 o’clock in the morning. At first 
this low level of blood sugar gave us considerable concern, but ex- 
cessivelj’- severe reactions have not been encountered. Occasionally, 
it might appear advisable to give some 40% of the carbohydrate 
•with the evening meal, and possibly some carbohydrate at bedtime, 
but so far we have not found this latter measure necessary. The 
fact demands sorne emphasis that, when a patient develops hj^io- 
glycemia as a result of protamine insulin, this reaction is likely to be 
more prolonged and carbohydrate should be available for a longer 
period of time than was necessary to control the former tj^e of 
reaction. Recurrence or persistence of the reaction as new supplies 
of the insulin suspension dissolve in body fluids, may thus be antici- 
pated and provided against. Orange juice and bread, rice or potato, 
or bread and honey, would appear to be suitable antidotes. 

No local reactions have been encountered in our cases. This ex- 
perience is similar to that of other investigators,^ and it is in harmony 
with the view held that protamines are non-antigenic in nature. 

Our experience with protamine insulin is limited to 50 cases, most 
of which have been diabetic and receiving insulin for a considerable 
time and are without interfering complications. Many have' been 
recalled to hospital for the specific purpose of testing their behavior 
with protamine insulin. It lias always been our practice to demon- 
strate that insulin is necessary before administering it but, in each 
case, a preliminary period of rechecking to redetermine the regular 
insulin requirement was carried out before transferring them to the 
protamine compound. The action of protamine insulin is slow, and, 
if only protamine insulin is used, glycosuria will occur for 2 or 3 days. 
The change is best accomplished by giving 75 to 100% of the previ- 
ous dose of regular insulin as protamine insulin in a single^ morning 
dose accompanied, the first day, by about 60% of the previous dose 
of regular insulin divided in 2 doses, before breaMast and supper; 
and, on the second day, 30% of the previous dose before breakfast; 
and, thereafter, protamine insulin only. None of the 24-hour blood 
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sugar curves was obtained in less than 7 days from initiating the 
change they illustrate, in order that overlapping of preAuous treat- 
ments might be avoided. Initial treatment of diabetics with prota- 
mine insulin has been carried out in but few cases, but along the same 
lines, that is, using some regular insulin with the protamine com- 
pound for the first da 3 '-s. 

Case Reports. Case 1.— A male, aged 50, had diabetes of 1 j'-ear’s dura- 
tion. Standardized on a diet of protein 45 gm; fat, 186 gm.; carbohydrate, 
49 gm., with normal blood sugar and freedom from glycosuria on 20 units 
of insulin twice daily. Curve 1 shows the blood sugar level throughout the 
24 hours on regular insulin, 20 units tAvice daily; while Curve 4 shows that 
a single dose of regular insulin is definitely ineffectual in controlling the 
blood sugar. Curves 2 and 3 show the effect of single doses of Iridius (Dan- 
ish) and Onchorhynchus protamine msulin, respectively, given at 8 a.m. 
SaAung in insulin, 50 % (Cross-hatched area is zone of normal postabsorptive 
blood sugar levels). 

Case 2.— A male, aged 57, diabetic since 1927. On same diet and 
insulin since 1928. Tolerance remains the same over a 3-weeks’ test, 
diet: protein, 60 gm.; fat, 200 gm.; carbohydrate, 70 gm. Insulin 18 
units twice daily. Curve 1 shows an unexpectedly high postprandial 
hyperglycemia after breakfast, though the urine remained sugar-free, due 
to high threshold. CurA'^e 2 shoAvs that a single dose of 18 units of re^lar 
insulin completely fails to control the blood sugar. Curve 3 AA^as obtained 
after treatment AAuth single doses of 25 units of protamine insulin daily. 
This shows the marked hyperglycemia after breakfast. Without the 
hourly blood sugar curve, this treatment, as well as the treatment Avith 
regular insulin tAvice daily, Avould be regarded as satisfactorj’-, as he remained 
aglycosuric. Treatment should be modified as suggested under Discussion. 

Case 3.— A female, aged 60, diabetic for 10 months. Diet: protein, 36 
gm.; fat, 170 gm.; carbohydrate, 45 gm. Aglycosuric, normogtycemic for 
3 months on 20 units of regular insulin twice a day. Curve 1 shoAA^s the 
blood sugar throughout the 24 hours on this procedure. CurA’-e 2 shoAvs 
an excessive hyperglycemia after breakfast b}”- giving 25 units of protamine 
insulin immediately before breakfast. Curve 3 shoAA^s the value of moAung 
back the dose 1 hour. Saving in insulin, 37 %. 

Case 4.— A female, aged 58, diabetic since 1925. Using insulin since 
1926. Felt Avell until a year ago when she became needle-shy and stopped 
the insulin though continuing AAuth diet. Stabilized on old diet of protein, 
44 gm.; fat, 160 gm.; carbohydrate, 40_gm., but noAV requires 3 doses of 
regular insulin: 30 units, S a.m.; 30 units, 4.30 p.m.; and 12 units at 11 
p.M. CurA^e 1 shoAVS the hourlj’- blood sugar on this dosage. Substituting 
a single dose of 55 units of protamine insulin immediately before breakfast 
Avas hardlj^ satisfactory (CurA'^e 2), so a dose of 20 units of protamine insulin 
and 25 units of regular insulin were giA^en together at 8 A.jr. This proAung 
satisfactorj’- oA’er a month’s trial (Cupa’c 3), the patient AA-as giA’en the tAA'o 
insulins in the same sj’ringe. The curA’e is identical AAuth CurA’e 3 saA’e for 
minor A’ariations. The patient has continued this procedure with success 
for 3 months. Economj’- of insulin 37 %. Were this patient to appear for 
treatment uoaa', avc would moA'e the single dose of protamine insulin alone 
back to 6.30 a.m., II houre before breakfast. 

Case 5.— A female, aged 61, diabetic since 1928. Diet: protein, 44 
gm.; fat, 140 gm.; carbohj’-drate, .52 gm. Stabilized on diet and insulin 
3 months before. Recalled for testing and rechecked. Remained aglj*- 
cosuric and normoglj’ceinic on regular insulin: 28 units, 8 a.aa.; 28 units, 
4.30 P.M.; and 12 units at 11 p.ai. Cupa'c 1 shows the hourlj- blood sugars. 
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A single dose of protamine insulin at 8 a.m. was quite unsatisfactory. The 
Hagedorn procedure (20 units of regular insulin and 25 units of protamine 
insulin at 4.30 p.m.) was an improvement (Curve 3), and increasing the 
doses to 30 and 40 units respectively gave very satisfactory control (Curve 

CASE 1 

1. REGULAR INSULIN: 20 U. 8:00 A.M.j 20 U 4:30 P.M. 3. SINGLE DOSE 0. PROTAMINE INSULIN: 20 U. 8:00 A.M. 
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(4). The advantages of the single morning dose led us to try 25 units of 
regular insulin and 35 units of protamine insulin at 6.30 a.m.; breakfast at 
8 A,M. (Curve 5). Alteration of tliis dose to regular insulin 20 units 
protamine insulin 40 units, given in the same syringe at 6 a.m., lowers the 
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blood sugar a little too much, though the patient does not feel abnormal 
(Curve 6). 

Case 6. — A male, aged 36, diabetic since 1931. Admitted unconscious 
and moribund from hypoglycemia. Astonished us by recovering. Placed 
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on diet: protein, 44 gm.; fat, 183 gm.; carbohydrate, 50 gm. Impossible 
to stabilize without using 4 doses of regular insulin daily: 4 units, 4 a.m.; 
28 units, 8 a.m.; 25 units, 4.30 p.m.; 6 units, 11 p.m. Curve 1 shows the 
hourly blood sugars on this regimen. A single dose of protamine insulin 
(50 units at 7 a.m.) was unsuccessful in controlling the postprandial hyper- 
glycemia (Curve 2). Two doses of protamine insulin (50 units and 5 units 
at 8 a'.m and 11 p.m respectively) gave a more even curve which was below 
normal most of the day (Curve 3). Using 30 units of regular insulin at 
8 A.M. and 15 units at 4.30 p.m. was probably unsatisfactory because of 
unsuitable dosage (Curve 4). A more satisfactory result was obtained by 
giving 50 units of protamine insulin and 8 units of regular insulin at 5.30 
A.M. (Curve 5). As the patient was already hypoglycemic at breakfast- 
time, the regular insulin was reduced to 5 units, on which the patient has 
carried on successfully at home for the past 3 months. 
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Case 7.— A male, aged 48. In 1922, controlled successfull 3 >- on diet: 
Ijrotein, 50 gm.; fat, 150 gm.; carbohydrate, 50 gm., with 15 units insulin 
tvice a day. In 1930, tried on high carboii 3 ’'drate diet and became un- 
stable. In 1934,. on diet of protein, 50 gm.; fat, 140 gm.; carboh 3 'drate, 
140 gm., required 5 doses of regular insulin: 5 a.m., 5 units; 8 a.m., 15 units; 
12 noon, 10 units; 4.30 p.m., 10 units; 11 P.Jt., 5 units. In 1935, well con- 
trolled b 3 ^ using 5 units regular in.sulin at 8 a.m., and 30 units protamine 
insulm at 4.30 p.ir. When this was substituted 1 d 3' 60 units of protamine 
insulin and 5 units of regular insulin at G a.m., the result wa.s most unsati-s- 
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factory (Curve 1). An isocaloric change to a diet of protein, 50 gm.; 
fat, 180 gm.; carbohydrate, 50 gm., -with insulin in the same dosage at 

7 A.M. improves the curve very much (Curve 2). Reduction of the pro- 
tamine insulin by 10 units gives less satisfactory results both from the stand- 
point of the blood sugar curve and the patient’s feeling of well-being 
(Curve 3). This patient is extremely sensitive to insulin insufSciencjL re- 
acting by fatigue, nausea and ketosis to the slightest deficiency. Since 
the use of protamine insulin these symptoms have disappeared. 

Case S. — A female, aged 16, has had diabetes since 1931. On high car- 
bohydrate diet, protein, 60 gm.; fat, 63 gm.; carbohydrate, 250 gm., it 
proved impossible to find a dose of regular insulin wliich would not produce 
hypoglycemia, hyperglycemia and glycosuria. . On protamine insulin, 35 
units, 8 A.M. and 15 units, 4.30 p.m., there is marked hyperglycemia after 
breakfast (Curve 1). Chan^ng the diet to protein, 60 gm.; fat, 143 gm.; 
carbo_h3’^drate, 100 gm., diminishes the hypergtycemia and abolishes gly- 
cosuria (Curve 2). There is apparent here the desirability of using regular 
insulin to control postprandial h3rperglycemia, the necessity being the 
greater the higher the level of carbohydrate in the diet. 

Case 9.— A female, aged 60, has had diabetes since 1926. Diet: protein, 
50 gm.; fat, 50gm.; carbohydrate, 300 gm., with a single dose of protamine 
insulin 35 units at 8 a.m. (Cur\'e 1). With an isocaloric diet change to 
protein, 50 gm.; fat, 161 gm.; carbohydrate, 50 gm., the same dose of 
protamine insulin controls the hourly blood sugar curve adequately 
(Curve 2). 

Discussion. The effect of the earliest preparations of insulin lasted 
as long as 24 and 27 hours. This phase was soon succeeded by 
another in which a better purified product gave fewer local reac- 
tions, but at the same time the action of the insulin became decidedly 
shorter in duration, the lowest blood sugars occurring about 4 hours 
after injection, and a return to the previous level occurring about 

8 hours after injection. More recently, the same dose of insulin 
given to a normal individual depresses the blood sugar for about 
3 hours in many instances. It need not necessarily be considered 
that the blood sugar lowering effect of an insulin represents accur- 
ately the metabolic activity of the insulin, but other facts appear to 
point in the same direction. Coincident wdth the shorter period of 
action on the blood sugar, it has become necessary, in a much larger 
percentage of cases, to resort to an increased number of doses of 
insulin per day, in order to maintain the patient aglj’^cosuric. Like- 
wise, the tendency to develop ketosis in such cases, and rapid loss 
of the feeling of well-being after the administration of the insulin 
stands in contrast to the effects of the earlier insulin preparations. 
Often these patients have been confused with an entirelj- different 
group, those who, through marked diminution in endogenous in-, 
sulin production, have become the so-called “unstable cases,” or 
even the “complete diabetics.” The number of these cases really 
remains quite small, but the number of cases requiring 3 or more 
doses of regidar insulin to maintain them in good health has risen 
to some 40% of the total number of cases requiring insulin. The 
psychological, as well as the physical advantage of being able to 
treat these patients with 1, or at most 2, doses of insulin cannot he 
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overestimated. For those patients also, who require but 2 doses of 
regular insulin daily, there is a very considerable convenience in 
being able to reduce the number of doses to 1 per day, taken in the 
early morning. As previously indicated, this is best accomplished 
when the diet prescribed is relatively low in carbohydrate. Prota- 
mine insulin is slow in action because of the slow rate of absorption, 
and is relatively ill-suited for controlling postprandial hypergly- 
cemia of high degree. Difficulty with postprandial hyperglycemia, 
however, is most frequently encountered after breakfast, and may 
be overcome by various means, examples of which may be seen in the 
preceding brief case reports : 

1. By increasing the size of the dose. This is occasionally satis- 
factory, but tends to produce a low blood sugar during the night. 
Possibly an insulin with a 30-hour action might improve this situa- 
tion. In protamine insulin, as at present produced, less than 4% 
of the insulin is free. A somewhat higher proportion of free insulin 
might also be valuable for this purpose. 

2. By moving back the injection time 1, 2 or 3 hours before break- 
fast, thus allowing time for a larger amount of protamine insulin 
to be absorbed. 

3. By reconstituting the diet so that little of the carbohydrate 
appears in the breakfast, and most in the evening meal. 

4. By the use of a dose of regular insulin, combined with prota- 
mine insulin. Contrary to the experience of some, we have been 
successful by using a long, narrow-bore syringe, and some care in 
avoiding mixing of the fluids, in giving the two insulins in a single 
injection. 

5. By the use of a second overlapping dose of protamine insulin, 
given some hours after the morning dose, so that a portion of it is 
being absorbed during the postprandial period, that is, at the same 
time as the free insulin of the following morning dose. 

6. By the use of regular insulin in the morning to control the post- 
prandial hjqjerglycemia, and protamine insulin in the afternoon or 
evening to control the hjqierglycemia of endogenous origin. 

Protamine insulin in diminished dosage will sometimes control 
the blood sugar of the patient quite as effectively as a larger dose of 
regular insulin. While the effect is not constant, we would estimate 
the economy of insulin over the series of approximate 30%, a quite 
substantial saving for some of the poorer patients. 

Protamine insulin, however, has an important theoretical advan- 
tage, the practical value of which it is still too earlj’^ to judge. Rest 
for the injured o^gan has long been emphasized as an important prin- 
ciple of treatment but, in insulin treatment as commonly employed, 
one must aclaiowledge that the main effect obtained has been the 
suppression of postprandial Inqierglycemia. To a large extent it 
is true that for three-fifths of the day the patient has carried on 
with the aid of his ovm insulin production and only when this was 
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grossly insufBcient to control the hyperglj^cemia of endogenous origin 
has it received outside support. Too little attention, in our opinion, 
has been given to the desirability of providing the utmost possi- 
bilities for repair and to this factor might be ascribed the so-called 
inherent progressiveness of the condition. With its prolonged action 
protamine insulin is much more suitable than regular insulin for 
substituting in place of insulin used for endogenous metabolism, and 
accomplishing more complete rest of the pancreas. There is some 
hope that, particularly in children and those adults recently ac- 
quiring an acute form of diabetes, this may be of value in protecting 
and improving the carbohj'drate tolerance of the patient. 

Summary and Conclusions. Our experience with protamine insulin 
confirms the view that it is a distinct contribution to the effective- 
ness of antidiabetic therapy. When possible, we prefer to adminis- 
ter it in a single morning dose. Various methods of using it alone 
and in combination with regular insulin are illustrated and dis- 
cussed. 
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The discovery of every new etiologic agent for commlsions 
demands a search among epileptics to determine the frequency of this 
agent. In recent years much attention has been given to hjTpo- 
glycemia as a convulsive factor, particularly in association with 
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instances of liyperinsulinism. The present study aims to determine 
the frequency of this factor in a series of 200 consecutive patients 
with recurrent seizures. Differential diagnostic features between 
hypoglycemic epilepsy and other epilepsies are also submitted. 

Material and Method. The subjects of this study attended the Out- 
patient clinics for epilepsy at the Los Angeles County General Hospital 
and the Cedars of Lebanon Hospital. They all received the following 
routine investigation: complete history, general physical examination, 
neurologic examination, urinalysis, blood count, blood Wassermann test, 
Roentgen rajp of the skull and spinal fluid examination. Special tests, such 
as electrocardiography and encephalography, were performed when indi- 
cated. On the basis of these examinations there were sho%vn to be 113 
cases of epilepsy of unknovm etiology and 87 cases of known etiology; the 
most common causes among the latter being: trauma, lues, encephalitis, 
birth injury, and alcoholism. None of the patients were on phenobarbital 
therapy or treatment of any other type pre\dous to the period of testing. 

The patients were requested to refrain from eating during the 36 hours 
preceding examination: from supper of one day to after breakfast of the third 
day. A fast of this duration was deemed advisable, since one of our pa- 
tients^ with h 3 '’perinsulinism failed to develop symptoms of hypoglycemia 
until 20 hours after her last meal. The usual overnight fast would have 
been ineffective in disclosing her abnormality. The patients were allowed 
water as desired throughout the fast. Smoldng was interdicted, since 
nicotine is said to elevate the blood sugar. Relatives or friends were in- 
structed to keep the patients under observation and to report any untoward 
developments. The time of occurrence of convulsions and of petit mal was 
noted. The patients were examined at the end of the fast for hypoglycemic 
manifestations and a specimen of venous blood was obtained for a quantita- 
tive glucose determination. The Benedict method- was used for all sugar 
analysis, the Folin filtrate being prepared •within 20 minutes after the blood 
was drawn. Observations on 2 cases of pancreatic islet cell adenomas were 
the basis of comparison between the comnilsive phenomena of known hypo- 
glycemic origin and those of other epilepsies. 

Results. Only 31 patients (15.5%) of the 200 tested, presented 
blood sugar readings below 70 ing. and only 4 (2%) below 60 mg. 
(Chart I). In none of these were there objeetive symptoms sug- 
gesting hypoglycemia. Five patients had either taclij-cardia or 
perspiration or both Imt the lowest blood sugars were 67 and 68 mg., 
the others being well over 70 mg. Although a few blood sugars 
were low’^er than the average normal and although a few other cases 
showed mild hypoglycemic (?) symptoms without reduced blood 
sugars, no diagnostic weight can be attached to these instances 
as evidence for the hypoglycemic origin of the con\mlsions. There- 
fore, although a few blood sugars were lower than the average normal 
there were no definite hj'pogjycemic manifestations. 

Following a conMilsion the blood sugar may be ele^mted to normal 
or higher levels. Hence the absence of Inqjoglycemic sjnnptoms or 
of a low blood sugar after a conAuilsive attack does not exclude the 
hypoglycemic origin of the latter. CouMilsions occurred during the 
fast in IS instances. That these were spontaneous rather than the 
result of hypoglycemia is shown by; 
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1, the absence of low blood sugar determinations. (Most 
attacks occurred sufficiently early in the fast to exclude the transient 
postcommlsive rise in blood sugar), or 

2, the frequency of attacks (daily in | of these patients), or 

3, the absence of convulsion on repetition of the fast (Table 1). 
Likewise the petit mal attacks which were recorded during the fast 
in 15 cases were of every-day occurrence in these patients (Table 2), 
and the blood sugar in every instance was within normal limits. 

It may be concluded, therefore, that fasting for 36 hours failed 
to reveal a single instance of clinical sjnnptoms resulting from hjq)o- 
glycemia in 200 consecutive epileptics. 


Mg. of Glucose per 100 cc. of Blood 



Chart I. — Distribution of 3G-hour fasting blood sugars for epileptics. 


The Validity of Fasting as a Test for Hypoglycemia. Blood 
sugar is maintained at a fairly constant level by a homeostatic 
mechanism including a number of different phjrsiologic factors.^ 
In certain pathologic states, the normal mechanism may be altered 
so that the blood sugar in the postabsorptive state is constantly 
below normal. Here the carbohydrate level is persistently depressed 
at all times except subsequent to the ingestion of food when it may 
become temporarily elevated to normal or higher.* This is the usual 
condition in the clinical instances of hjqioglycemia with which we 
are conversant, such as pancreatic adenomas, pituitarjr cachexia 
and hepatic disease. Hence, in these cases, it suffices for diagnosis 

* other physiologic factors may intermittently overcome the hypoglycemia, but 
of those v>’G have relatively little information. 
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merely to withhold food and petmit the blood sugar to drop to a 
subnormal level. 


Table 1. — Record of Grand Mal Appearing During the Fast. 









Repetition of test. 





36-hour 
fast — 
blood 
sugar, 
mg %. 

Hypo- 

gly- 

cemic 

symp- 

toms. 




Case 

No. 

Subject. 

Diag- 

nosis.* 

Hours of 
fast when 
attacks 
occurred. 

Spontaneous 
incidence of 
grand mal. 

36-hour j 
fast — 1 
blood 
sugar, 
mg. %. 

Symptoms. 



2 

H. A. 

I 

(I4} 

i 

t 

78 

1 

0 

1 1 

2-4 per day j 

, 

1 

1 

9 

T. B. 

0 

30 

89 

0 

“Frequent” j 



26 

J. C. 

I 

20 

88 

0 

1 in 4 months j 

65 

0 

34 

R. C. 

I 

30 

93 

0 

4—5 per day 



65 

E. F. 

E 

{£} 

93 

0 

2-3 per week | 

79 

0 (24 hours) 

69 

W. G. 

I 

25 

69 

0 

1-3 per month | 



76 

J. G. 

I 

23 

83 

0 

7 in 5 years ! 

, 105 

0 

83 

A. G. 

I 

7 

82 

0 

1-2 per week 

67 

2 convulsions 








95 

0 








71 

0 








105 

0 

86 

J. H. 

Ec 

34 

89 

0 

5 per day to 

78 

0 







2 per month 


• 

95 

N. H. 

I 

32 

73 

0 

1 per month 

87 

0 

99 

H. H. 

I 

30 

104 

0 

5 per month 

84 

0 

113 

A. K. 

I 

36 

108 

0 

Daily 



132 

M. M. 

I 

/24l 

\1/ 

26 

91 

0 

Daily 

73 

0 

152 

C. P. 

I 

69 

0 

1 per year 

83 

Convulsion 

153 

J. P. 

T 

23 

77 

0 

2 per month 



156 

A. P. 

I 

fl) 

94 

0 

1 per week 

75 

0 

158 

F. P. 

E 

b) 

91 

• 

0 

1-2 per month 

/59 

\78 

0 

i 0 

177 

J. S. 

I 

31 

67 

0 

i 

i Daily 

I 

! 75 

0 


Theoretically, at least, it is conceivable that there are transient 
states of hypoglycemia in which the homeostatic mechanism is only 
temporarily overcome. In such transient states, fasting may fail 
to bring the pathologic condition to light. The etiologic factor may 
not be operative during the test period or, being active, may have 
dissipated itself so that the blood sugar has returned to normal by the 
end of the fast. To establish pathologic states of this t;s'pe, our 
36-hour fast has obvious deficiencies. However it is unlikely that 
such temporary hypoglycemic phases are actual factors in epilepsy. 

First, we were unable to find a report of any such paroNv-smal 
states which had produced major hypoglycemic symptoms. We did 
find two instances'*-® in both of which the fasting blood sugars were 
normal but hypoglycemia with sjTuptoms occurred several hours 
after eating. The s,>anptoms were however mild and tlie liypo- 
glycemia of relatively slight degree. On the other hand, a moder- 







604 


ZISKIND, HOLLOMBE, BOLTON: 


ately severe degree of hypoglycemia is necessary for the production 
of con^^Jlsions. Therefore it would appear improbable that'a disturb- 
ance of the carbohydrate regulating mechanism of this degree would 
occur spontaneously or repeatedly without some indication in the 
fasting blood sugar. Such would seem to be the case, since no 
instances of the more severe sjnnptoms such as coma, comnilsions, 
or confusion on a hypoglycemic basis without a low fasting blood 
sugar Were found in the literature. 


Table 2. — Record of Petit Mal Appearing During the Fast. 


Case No. 

Sub- 

ject. 

1 

Diag- 

nosis.* 

Hours of 
fast when 
attacks 
occurred- 

36-hour 

fast- 

blood 

sugar, 

mg. %, 

Hypo- 

gly- 

cemic 

symp- 

toms. 

Spontaneous 
incidence of 
petit mal. 

Hepet 
of te 

36-bour 
fast — 
blood 
sugar, 
mg- %- 

tion 

st. 

Symp- 

toms. 

10 . . 

E. B. 

I 


91 

0 

Daily 


1 

46 . . 

H. C. 

L 

32 

75 

0 

Daily 



68 . . 

L. E. 

1 

36 

85 

0 

2-3 per day 



69 . . 

J. E. 

A 

29 

92 

0 

10 per day • 



77 . .. 

G. G. 

T 

33 

98 

0 

6-7 per day 



84 . . 

J. H. 

L 

* 

86 

0 

1 per day 



90 . . 

J. H. 

I 

32 

63 

0 

3-4 per day 

77 

0 








69 


96 . . 

J. H. 

0 

24 

141 

0 

1 per day 



100 . . 

R.H. 

I 

24 

82 

0 

0-4 per day 



102 . . 

A. I. 

I 

24 

125 

0 

10-20 per day 



104 . . 

A. r. 

I 

24.. 

66 

0 

Several daily 



117 . . 

E. L. 

I 

20 

66 

- 0 

1-2 per day 

51 









83 

0 

125 . . 

P. L. 

E 

24 

106 

Pulse 

Several per day to 








lOS , 

/err per month 



181 . . 

M. S. 

I 

32 

69 

Pulse 

“Numerous” 

98 







120 




186 . . 

D. S. 

I 


S3 

Head-j 

Few per month 








ache 1 





* 7 attacks. 


Code for diagnosis: A = alcoholism; Ec = eclampsia; E = encephalitis; I = 
idiopathic epilepsy; L =lucs;0 = organic, but not otherwise diagnosed; T = trauma. 


Second, in the best knorni example of this type of transient hj'po- 
giycemia, namely, that following a meal rich in carbohydrate, such 
as the glucose tolerance test, hjTJ 0 gl 3 'cemic Si^ptoms are conspicu- 
ous by their absence or at best are verj' mild. We know of no clinical 
case of hypoglycemia in which pathologic manifestations, particu- 
larly of the moderate or severe type, were present during this phase 
of the glucose tolerance test and not during fasting. It is of interest 
to note that the distribution of blood sugar in 92 epileptics 4 hours 
after eating, reported by Tyson, Otis, and Joyce,® was ^Try similar 
to that obtained in our 36-liour fast’fChart I). One may conclude 
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then' that transient clinical symptoms of hypoglycemia of the type 
postulated above is very uncommon. One must take into account 
those physiologic forces tending toward the maintenance of a normal 
blood sugar which might readily counteract the effects of an inter- 
mittent hypoglycemia-producing lesion. It may be that only Avhen 
this pathologic tendencjp is persistent and continuous that the neu- 
tralizing effects of the homeostatic mechanism are overcome and 
hypoglycemia becomes apparent. Although the demonstration is 
lacking for transient hypoglycemic states productive of major 
symptoms, their existence as an etiologic factor in epilepsy is not 
thereby excluded. There is, however, a bit of further evidence which 
makes this possibility, at least as a frequent occurrence, quite 
unlikely. The injection of insulin in 40 of our epileptics,^ in dosage 
sufficient in most instances to depress the blood sugar to very low 
levels, failed to result in the reproduction of the seizures. It is this 
experimental induction of the paroxj^smal hypoglycemic state with 
its negative results in epileptics which makes it appear improbable 
that transient hypoglycemia is a frequent etiologic factor in convul- 
sions. On the basis of these considerations, fasting appears to be a 
valid method for the detection of hypoglycemic epilepsy.* 

Dijferential Diagnosis of Hypoglycemic from Other Types of Coji- 
vulsions. Fasting is not the only means of differentiating hypo- 
glycemic from other types of convulsions. The history of the attacks 
may be very important. We have observed numerous hjqooglycemic 
attacks in 2 cases of hyperinsulinism with comoilsions due to proven 
adenomas of the pancreatic islets. The following diagnostic sug- 
gestions are based on observations in these 2 patients.^’®'® 

Hypoglycemic symptoms in the period preceding the conAuilsions 
are of great diagnostic significance when they occur. The different 
prodromal symptoms are numerous and may vary from one attack 
to another. The symptoms are those which have been described 
by many observers as occurring with insulin overdosage and the 
more common symptoms are: hunger, sense of ill being, wealc- 
ness, palpitation, tremor, perspiration, confusion, restlessness and 
various focal neurologic symptoms. Occasionally both of our 
patients had conNailsions without any apparent prodromal symp- 
toms. Sometimes the interval between the first s^anptoms and 
the commlsion was several hours. In our patient (S. A.), one or 

* One might wish that a greater degree of correlation had been demonstrated 
between the symptoms and the low blood sugar in these cases. In all minor degrees 
of hypoglycemia, one should be particularly careful in arri\-ing at conclusions. 
Many instances of low blood sugar without sjunptoms occur as an isolated finding 
In normal persons. Again, fasting blood sugar values in the same indindual varj' 
on different days. This may be due to diet and possibly many other factors. Wc 
believe that in aU borderline cases of hypoglycemia there should be demonstrated: 
1, a low blood sugar during two or more consecutive attacks of sj'mptoms: 2, relief 
of the symptoms by the administration of carbohydrates during the attack, anrl 3, 
higher or normal blood sugar values between sj-mptoms. In the absence of any of 
these postulates, proof is lacking that hypoglycemia is the etiologic factor. 
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several of the following symptoms might precede a convulsion: a 
sense of impending danger, palpitation, tremor, profuse perspiration, 
headache, vomiting, confusion, restlessness, involuntary singing, 
anomial asphasia, numbness of the right hand, and twitching of 
the right face. Our other patient (I. M.), also had prodromal periods 
which varied as to duration and content. Several times she was 
facetious and coquettish, at other times restless and even maniacal; 
once she beat her son unreasonably and again she was hallucinatory 
for the greater part of the day. Therefore, prodromal hypoglycemic 
symptoms, though not constant, are an important diagnostic aid. 

One hypoglycemic symptom we believe calls for special comment. 
The occurrence of profuse perspiration before an epileptic seizure 
should strongly arouse suspicion of an underlying hypoglycemia. 
The physician who sees the prominent beads of sweat as they stand 
out on the body in a spontaneous hypoglycemic attack or following 
the injection of insulin cannot help but be impressed with the diag- 
nostic significance of this finding. A fair number of epileptics, and 
possibly all, perspire during major seizures; but this is certainly not 
due to hjqjoglycemia because the blood sugar is increased during a 
convulsion. The feature of particular significance for the hyjpo- 
glycemic convulsions is profuse perspiration during the prodromal 
period or its^ occurrence in hjqjoglycemic attacks unassociated with 
seizures. 

Mental confusion for a variable period preceding the convulsion is 
another symptom which should suggest hypoglycemia. This 
occurred often in both of . our patients and has been frequently 
reported in the literatm-e. This is uncommon in other types of 
epilepsy. In the prodromal periods of longer duration, it is possible 
to verify the diagnosis by a blood sugar determination before the 
commlsion occurs. Not all premonitory symptoms in epileptics 
are due to depressed blood sugars; however their presence, particu- 
larly if of the hjqjoglycemic variety, warrants an investigation of the 
blood sugar concentration. 

Variability in the attacks is also an aid to diagnosis, since the 
character of the hjqjoglycemic attacks varies from time to time, 
whereas in other epilepsies the attacks tend to be of the same tj^pes. 
S. A. had various attacks, consisting at different times of commlsions, 
coma., somnambulism, twitching about the right eye, numbness of 
the right hand, hemiparesis, anomial aphasia and states of con- 
fusion, extreme restlessness, involuntary crying, laughing, and 
singing, or delusions and hallucinations; alone or in combination. 
A similar, though less varied group of paroxysmal h}q)oglycemic 
episodes appeared in the case of I. M. Besides these difl'erent tj-pes 
of attacks, the commlsions varied much in severity and in the total- 
ity of their manifestations. There might be only the aura, or 
twitching of only one or more members on one side of the body, 
or a generalized seizure, with or without stupor or mania. Vfiicn the 
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hypoglycemic patient is seen soon after the first or the first few 
attacks this variability will not be apparent. Even in cases of longer 
duration, it ivill probably be necessary to receive a report from some 
relative or friend who has observed a number of the attacks. Further- 
more the latter are often atj^ical, particularly since unconsciousness 
may accompany only minor motor manifestations. In epileptics, 
as a rule, minor degrees of motor disturbance, e. g., myoclonic 
twitches, are not accompanied by any impairment of consciousness. 
In the patients with hypoglycemia, minor phenomena, e. g., rolling 
of the head, twitches about the face, and isolated loss of bladder 
control are often accompanied by loss of consciousness. The attacks 
may be atj^iical in otlier respects also. This does not mean, of 
course, that classical grand mal seizures do not occur with hypo- 
glycemia. More observation is needed on this point. In the general 
group of epileptics the individual patients average one, two or at 
best three different types of attacks, grand mal, petit mal, auto- 
matisms; the numerous variable attacks seen in hypoglycemia are 
not encountered. Although it is conceivable that in some instances 
of hypoglycemia the paroxysmal episodes will all happen to be the 
same, such will probably be the exception. Conceivably some other 
etiologic agents for convulsions may also produce a great variety 
of different paroxysmal phenomena, but in regard to these we have 
very limited data and at least they are not common. Variability, 
both qualitatively and quantitatively, in the nature of the attacks 
of epileptics should suggest a hypoglycemic origin. 

Finally, the relation of attacks to feeding is very important. The 
longer the interval since the preceding meal, the greater the likeli- 
hood of hypoglycemic symptoms. Con\mlsions occurring only 
during the early morning or before breakfast should particularly 
arouse one’s suspicion, especially if the patient has profuse night 
sweats or is frequently confused on arising in the morning. Hypo- 
glycemic symptoms have been recorded also as occurring late in the 
afternoon or late in the morning, at times when nocturnal or early 
morning symptoms are not stated to be present. This again brings 
out the remoteness pf the symptoms to the previous feedings. It 
may also indicate that the postprandial hj^ooglycemia is more 
marked than on fasting. However, the same symptoms during 
the night may pass unnoticed, though there may be additional 
factors during the waking state which tend to make for a greater 
degree of hypoglycemia, c. g., muscular activity. In both of our 
patients with hyperinsulinism attacks were most numerous during 
the earlj* morning hours and there were frequent periods of confusion 
when the patient was awakened for breakfast. In the case of A. S., 
night after night, the nurse’s chart read “profuse diaphoresis, change 
of linen nccessaiy’' at 2 a.ji., and 5 a.m., at which times he was 
aroused for feedings. Obviously not all nocturnal or early morning 
attacks are to be ascribed to hj-poglycemia. Still all patients with 
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this historj^ especially if there are no attacks at other tinres, should 
be investigated for depression of the blood sugar level. 

The following points in the anamnesis may therefore be regarded 
as suggestive of a hypoglycemic origin for comnilsions : 1, a pre- 
monitory period with hjT)oglycemic manifestations; 1 , variability 
in the character of the attacks, and 3, remoteness of attacks from 
the preceding meal. 

Although suggestive, there is nothing specific in these factors 
for diagnosis. Suspicions aroused on the basis of history in regard to 
the above points should be verified by an attempt to reproduce 
the attack through fasting for 36 hours. If symptoms arise during 
the fast, the blood sugar should be determined at that time'. In the 
absence of suggestive symptoms, h;^'poglj’^cemia may be excluded. 
In clinical practice where the complete investigation of the average 
epileptic involves the expenditure of much money on tests which 
are of positive value in only a few instances, the routine additional 
expense of a blood sugar determination may not be warranted. 
The procedure described will enable the physician to exclude the 
negative cases and select suggestive ones in which further chemical 
tests are indicated. 

The glucose tolerance test is often referred to as an aid in the diag- 
nosis of hj'poglycemic states. In this connection two features in 
these tests have been taken into consideration. The first treats 
with the height and character of the curve in the average 3-hour 
test. In this test a high or diabetic curve is accepted as indicative 
of decreased tolerance, and a low curve of increased tolerance, the 
so-called flattened curve of hypoglycemia. Yet in proven cases of 
hyperinsulinism the glucose tolerance test is often normal or at times, 
even elevated. On the other hand, tests performed on many patients 
not suffering with hj^poglycemia reveal depressed or flattened curves. 
The second feature of the glucose tolerance test refers to the low 
blood sugar readings obtained on the 4th, 5th and 6th hour speci- 
mens. The actual limits of the normal depression in the blood sugar 
at these intervals has not been definitely established. Furthermore, 
isolated low blood sugar readings in these specimens, if unassociated 
with other confirmatorj^ findings,, are questionable evidence that 
symptoms are due to hj-poglycemia. It appears logical to us to 
insist that, if the depressed sugar reading is to be the basis for 
attributing the clinical picture to hypoglycemia, the patient’s 
complaint or other unmistakable hj-poglycemic sjnnptoms should 
be present when the low blood sugar is obtained. We have already 
referred to our inability to find a single clinical instance of moder- 
ately severe hypoglycemia in which the diagnosis was established in 
this manner. Suffice it also to say that in a series of epileptics, on 
whom 4-hour glucose tolerance tests were performed, hj-poglyceraic 
s\nnptoms were unusual and coimilsiojis were not reproduced in a 
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single instance.^® Therefore glucose tolerance tests showing either 
a low, “flat,” curve or a low blood sugar in the 4th, 5th or 6th hour 
specimens without the reproduction of symptoms cannot be accepted 
as diagnostic of clinical hypoglycemia. Nevertheless the fall in 
blood sugar subsequent to the ingestion of carbohydrate is usually 
greater than that observed on the overnight fast. In the future 
a valuable test may be worked out on this basis. At present no 
test of this character is available. 

The response to the injection of insulin has been suggested as a 
diagnostic measure in suspected instances of hypoglycemia. For 
the present^ one must admit that the test has not been standardized 
nor the validity of the method demonstrated in known cases of 
hypoglycemia. 

A careful history directed toward suggestive features, c. g., vari- 
ability of the attacks, prodromal sj-mptoms of hypoglycemia, and 
the remoteness of attacks from the preceding feeding, plus the 
attempt to reproduce the attack by fasting, represent important 
procedures for the diagnosis of hypoglycemic epilepsy. Obviously 
the chemical demonstration of a low blood sugar is an additional 
and most valuable corroboration. Still one must recall that unless 
searched for some time after a feeding diminution of the blood sugar 
may be absent. Immediately after a convulsion it may be absent 
also. 

Summary and Conclusions. 1. Two hundred consecutive epileptic 
patients subjected to a 36-hour fast failed to develop clinical symp- 
toms of hj'poglycemia in a single instance. 

2. In 2 patients with hyperinsulinism the attacks were variable 
in nature, often preceded by obvious signs of hypoglycemia and 
most frequent after the longest interval without food, i. e., during 
the night or early morning. The most constant method for revealing 
the attaclvs was the with-holding of food. 

3. On the basis of the foregoing, the following diagnostic criteria 
for hypoglycemic con^allsions or epilepsy are suggested : 

a, Variability in the nature of the attacks, prodromal sjnnptoms 
of the milder hypoglycemic type, and the occurrence of attacks at 
times remote from the last feeding should suggest a hypoglycemic 
origin. 

b, A 36-hour fast shoidd then, be prescribed, for the purpose of 
reproducing the attacks, or at least, of revealing obvious signs of 
hypoglycemia, and 

c, A fasting blood sugar determination preferably at the time 
of earliest sjuiiptoms should be obtained. The latter is unnecessary 
in the absence of symptoms on fasting. 

Wo are much indebted to Dr. Newton Evans and Dr. A. II. Zeiler for tlie cooper- 
ation of their laboratories. To Dr. S.amuol Ingham, Chief of the Neurologic .Service, 
we wish to express thanks for helpful criticism and stimulation in this study. 
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SUPPLEMENTAL REPORT OF A CASE OF ESSENTIAL 
PENTOSURIA OF TWENTY-EIGHT YEARS’ STANDING. 

(With a Study of the Specific Pentose Present.) 

By Solomon Solis-Cohen, M.D., Sc.D., 

E5IERITUS PROFESSOR OF CLINICAI, MEDICINE, JEFFERSON MEDICAL COLLEGE, 

AND 

Louis Gershenfeu)., Ph.M., B.Sc., P.D., 

PROFESSOR OP BACTERIOLOGY AND DIRECTOR OP TBTB BACTERIOLOGY AND CLINICAL 

CHEMISTRY" LABORATORIES, PHILADELPHIA COLLEGE OF PHARMACY" AND SCIENCE, 

'■ PHILADELPHIA, PA. 

Essential pentosuria is not as uncommon as was once supposed, 
but is still sufficiently obscure to warrant reports of individual 
instances. .The present paper continues in brief the history’’ of a 
case (the 22d on record) reported in 1909,’ and adds inter alia a 
recent chemical demonstration of the specific pentose present. 
Clinical details need not be repeated. 

Case Report. In March, 190S, the patient, an active lawyer, then aged 
50, was denied life insurance on the finding of sugar in the urine. A study 
by the reporter indicated that the reducing substance in the urine was pen- 
tose, and this finding YY'as confirmed by Prof. Charles H. LaWall,= Yvho 
obtained positive responses to the phloroglucin- and orcin-hj-drochlonc 
acid tests, and precipitated by the phenylhydrazin method characteristic 
pentosabne crj^stals, which, when purified, had a melting point of 157 G. 
Dextrose was negatived by the indigo carmin test; the fermentation tube 
showed no evolution of CO. during 24 hours. The sample was optiralb 
inactii’e on nearly ei'crj’’ occasion, but once or tavice there avas a slight 
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dextrorotation, attributed — perhaps erroneously — to transient alimentary 
glycosuria not otherwise show.* 

Twenty-eight years have passed; the patient has been (and is) extraor- 
dinarily energetic and active, physically and mentally. Although he 
refuses to undergo any prolonged dietetic studies or controlled blood sugar 
observations, he is not entirely incooperative, and we have been able to 
make a number of isolated blood sugar estimations, of which the following 
are instances: Blood counts were, and are, within normal limits of varia- 
tion. All tests for lues have been negative, and there is no luetic history. 
The attempt to detect pentose in the blood was made t%vice and recently 
was positive. The patient has had, from time to time, minor ailments of 
no special significance, unless importance be attached to recurrent attacks 
of colitis and outbreaks of podagra. In connection with the latter, it may 
be noted that the uric acid content of the blood shows a constant tendency 
to exceed 4 mg. per 100 cc. 



SuRar. 

Urea N. 

N.P.N. Uric acid. 


Pentose 



per 100 cc. blood. B.^I.R. 

Urine 

24 hr. 



Mg. 

%. 

output. 

January, 1918 

110 





March, 1925 

140 





September, 1928 

84 

14 

26 4.1 



January, 1931 

104 


» . . . -8 

0.71 

10.5 gm 


Chemical Ohscrvations. In 1900, Neuberg,^ who isolated racemic 
arabinose from the urine of a pentosuric, reported that this sugar 
was optically inactive, and that an osazone was produced with di- 
phenylhydrazin. Elliott and Roper'* (1912) reported a case in 
which the specific sugar in the urine yielded with phenylhydrazin, a 
crystalline osazone, the latter, in a pure condition, melting constantly 
at 163° to 164° C. They were unsuccessful in their attempts to 
prepare other derivatives of the sugar with diphenylhydrazin or 
with p-brom and p-nitrophenylhydrazin. A case similar to Neu- 
berg’s was described by Aron,® in 1913; and Cammidge and Howard® 
reported the pentose in their cases as racemic arabinose. 

In 1914, however, Levene and LaForge,^ found a dextrorotatory 
pentose which did not form a di-phenyl osazone, and which they 
regarded as xjdoketose on the basis of the following observations: 

1, '\^^len the dextrorotatory pentosazone was mixed with levo- 
rotatory xylosazone its melting point increased by 42° C.; 

2, The character of the mutarotation of the osazone was peculiar 
in that the initial rotation was lower than the equilibrium rotation; 

3, On standing, the optical rotation of the urinarj' osazone in- 
creased in magnitude; 

4, A dextrorotatory' xylosazone may be derived from (o) d-xydose, 
(&) Z-lyrxose or (c) from the ketopentose corresponding to these two 
aldoses. The pentose in the urine was dextrorotatory so that it 
could not have been d-xydose, which is levorotatory; and it differed 
from the latter in the properties of its p-bromphenydhydrazone; 

* In sovor.nl casos of ponlosuria, it has boon established on vhnt api>cars to bo 
conclusive evidence that -while the urinarj’’ pentose was optically inactive the appar- 
ently neutral urine jdoldcd a dextrorotatory osazone; and in certain instances a 
dextrorotatory urinaiy- pentose has been reported. 
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5, The melting points of both the urinary pentose and d-xylose 
were almost identical, but when the two substances were mixed, 
the melting point of the mixture was depressed below that of either 
substance alone. 

From all this, Levene and LaForge^ concluded that the urine 
pentose was not xylose. Only two other explanations of the struc- 
ture of the urine pentose were possible: (a) 1-lyxose and {b) Z-keto- 
lyxose -((Z-ketox;^dose) . The former was ruled out on the basis of the 
differences in the properties of the p-bromphenylhydrazone. The 
structure of the urinary sugar as that of a ketopentose corresponding 
to Z-lyxose or cZ-xjdose (Fischer’s nomenclature) was confirmed also^ 
by oxidation experiments, and specifically by the action of nitric 
acid and bromin respectively, on the urine pentose. 

Zerner and Waltuch^ recovered a similar substance from the urine 
of their 2 cases. The* melting point of the pentosazone which they 
obtained was 162° C. and when mixed with Z-xylosazone, a new 
compound (dZ-xylosazone) was formed, which melted at 210° C. 
They concluded that the urinary sugar was probably a member of 
the xylose group. In 1930, in his description of 4 cases of pentosuria, 
Greenwald® furnished further proof of the existence of xyloketose 
in urine, as did Hari*® in his 5 cases. Three years later Enklewitz 
and Lasker^^ reported 12 cases of pentosuria in which the sugar 
present was established as Z-xyloketose. In fact these authors 
assert that this pentose “is by far the more common sugar, if indeed 
not the only one” in cases of pentosuria. 

It appears, therefore, that Neuberg,® Aron^ and Cammidge and 
Howard,® believed that the pentose in their cases was racemic 
(inactive dZ-) arabinose, while Levene and LaForge,’^ Zerner and 
Waltuch,® Hiller, Greenwald,® and Enldewitz and Lasker,^ 
describe the urinary sugar in their cases as Z-ljrxose or the corre- 
sponding xjdoketose. In 1909,^ when our case was reported, the 
specific pentose in instances of, essential pentosuria was not often 
determined; but it was assumed from the reports in the few cases 
in which the specific observation had been made, that invert arabin- 
ose was the only urinary pentose in essential cases. The apparent 
exception reported by Luzzatto'® was attributed by some to a tran- 
sient alimentary pentosuria accompanying the essential form. 

Specific Pentose Present in Case Here Reported. On 3 different. occa- 
sions during the past year, large volumes of our patient’s urine were col- 
lected. These samples reacted as nearly as could be determined, in a manner 
similar to that reported in the recent literature of pentosuria. Benedict’s” 
quantitative and qualitative solutions were reduced by the urine at room 
temperature (m-ine added to 5 cc. Benedict’s qualitative solution and al- 
lowed to stand for several hours without heating— reduction Avas apparent). 
Fennentation did not occur vith pure cultures of yeast (Saccharomycetcs 
cererisi®) nor Avhen the yeast cake on the market was employed. Wien 2 to 
3 cc. of urine Avere heated Aidth 4 to 5 cc. of Bial’s reagent, a green color was 
produced. Tollen’s phloroglucinol-hj'drochloric acid reaction was positive. 
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Quantitative sugar determinations were made on the urine, employing 
both Benedict’s''* method and that of Lasker and Enklewitz.'^ In the former 
technique a knovm amount of Benedict’s quantitative solution to which 
was added some sodium carbonate was titrated at boiUng temperature mth 
either undiluted or diluted urine. The sugar content by this method was 
found to be 0.22 gm. per 100 cc. of urine. 

Lasker and Enklewitz'® believe that their technique may be used to dis- 
tinguish a xyloketosuria from a possible arabinosuria. They state that 
di-arabinose added to normal urine does not react, whereas it is possible 
to detect 0.05% of added xjdoketose, negative results being obtained also 
mth urine containing 4% glucose. In the method of Lasker and Enkle- 
witz'® the volume of urine (VO, required to reduce 2 cc. Benedict’s quantita- 
tive sugar reagent at boiling temperature was determined. In a series of 
test tubes (12 mm. diameter), there was placed 2 cc. Benedict’s quantitative 
solution, i gm. anhydrous sodium carbonate and various amounts of urine, 
starting vdth (VO, and increasing the amount in each successive tube by 
0.1 cc. The tubes were well shaken and placed in a water bath at 55° C. 
for 10 minutes. The tube containing the least amount of urine sufficient 
for complete reduction was then taken as the end point. The volume of 
urine used in this tube was designated as Vz and was employed in the fol- 
lovnng calculation — 


(1) % xyloketose 


0.0033 X 100 
Vz 


where V, = cc. urine to reduce 2 cc. Benedict’s solution at the boiling 
point. 

Vz = cc. urine to reduce 2 cc. Benedict’s solution at 55° C. 

0.0033 xyloketose is required to reduce 2 cc. Benedict’s solution. 
This is Greenwald’s equivalent (i. e., —1.22 mg. glpcose equiva- 
lent to 1 mg. xyloketose by Benedict’s method). 


(2) grams xyloketose in 24 hours = 


0.0033 X V 
~Vz 


/ 


where V = cc. urine voided in 24 hours. 

Since ordinarilj’’ not more than 1 gm. reducing substance is present in 
urine, an approximate value for V. ma}’- be oljtained by calculation, 
according to the following equation: 


(3) Vz 


0.0033 V 
" (R-1) 


where R = grams of total reducing substance per 24 hours. This 
will jdeld the range within which to work. 

The amount of urinary sugar found by the above technique was .20 gm. 

/-xjdoketose per 100 cc. urine. 

Preparation of Osazone. A mixture of 4 gm. phenylh 3 '’drazin-hydro- 
chlorid and 6 gm. crj'-stallized sodium acetate was dissolved in 500 cc. of 
urine, and the mixture was heated on a water bath for 1 hour. The solution 
was then filtered, allowed to cool, and the crj-’stals were recrj’^stalhzed from 
20% etlyl alcohol several times. Upon microscopic examination the osa- 
zone crj’^stals were found to consist of long j^ellow needles in the typical 
sheaf formation. The melting point was constantly at 157 to 158° (cor- 
rected 161.7° C.). 

"Wlien equal parts of the opzones of /-xjdose and the urinarj’’ pentosazone 
were mixed, and recrj'stallized, the racemic xA'losazone was formed, as 
indicated by a rise of the melting point to slightly above 200° C. The 
racemic variety was fonned, however, in but 1 instance and not on 2 other 
occasions— the samples being from different voidings. The tj-pical-shaped 
crystals of the racemic type were observed in the positive case wlien viewed 
under the microscope. Win* the racemic tx*pe of crystal was not obtained 
again is not known. 
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optical Activiiy. 80 cc. of urine were mixed with 20 cc. of ethyl alcohol 
and several grams of charcoal and filtered. The rotation when read in a 
2.5 dm. tube was dextrorotatory. 

The osazone of the urinarj^ pentose dissolved in a mixture of 4 cc. of 
pyridin and 6 cc. of ethyl alcohol yielded a mutarotation, characteristic of 
xyloketose. The optical rotation increased in magnitude on standing. 

Effect of Bromin on the Sugar. The urine and a solution of the partially 
purified pentose were treated separately with bromin water and liquid 
bromin for 48 hours. At various intervals the urine, when boiled free of 
bromin, stiU reduced Benedict’s qualitative solution. This reducing power 
was lost upon heating with strong acid. 

Examination of Blood. On January 13, 1936, a sample of blood was 
obtained. Bial’s Orcinol-HCl and Tollen’s Phloroglucinol-HCl tests were 
found to be positive repeatedly. Spectroscopic examinations revealed the 
absorption band between D and E, thus narrowing the positive findings 
dovm to the pentoses and glycuronic acid. The Naphthoresorcinol-HCl 
test, as suggested by Tollen,* was negative for glycuronic acid. It is thus 
possible to conclude that the positive Bial’s and Tollen’s Phloroglucinol- 
HCl tests were due to the pentoses. However, sufficient serum was not 
available to ferment the glucose and then attempt to prepare an osazone. 
Negative findings were obtained ■with normal blood specimens used as con- 
trols. From these observations we feel that we can present the fact that 
pentose was found in the blood, though it was not possible, for the reason 
stated, to determine the specific form. 

Conclusion. The urinary pentose reported in the present observa- 
tions gave an osazone, w^hich, after re-crystallization from 20% 
ethyl alcohol, melted at 157 to 158“ C.f Equal amounts of the 
urinarj'- pentosazone and the osazone of 1-xylose -u^ere mixed and the 
mixture on re-crystallization from 20% ethyl alcohol, melted at a 
temperature slightly over 200° C. The characteristic mutarotation 
was observed ’u^hen the urinary osazone was subjected to a polari- 
scopic examination. This reaction excluded the possibility of 
arabinose or ribose, and limited the choice of pentoses to (1) d- 
xylose; (2) Wj'xose; or (3) xyloketose. 

The rotation of the urine ■was dextro, thus excluding the possi- 
bility of d-xylose, ■uffiich is levorotatory. There ■was only a slight 
loss of sugar when the urine was treated "withj bromin whereas when 
an aldose is brominated, there is destruction of all of the sugar. 

• From consideration of the follownng findings: (1) the melting 
point; (2) the mutarotation of the pentosazone; (3) the increase of 
over 40° C. in the melting point of the urinary pentosazone wdien 
mixed "with xylosazone; and (4) the result of observation with 
bromin, it is believed that the urinary sugar in this study can be 
regarded as d-xjdoketose. 

Simmary. A man -whose urine, 'vs^hen he was 50 years old, had 
been supposed to indicate glycosuria, was found to have pentosuria. 

* Allen's Commercial Organic Analysis, 5th cd., vol. 1, p. 490. 

t The obser^'ations made by LaWall (op. cit.) in 190S-09 showed typical circular 
crystals in stellate tufts. ha\'ing a melting point, when purified, of 157'’ C. The 
indii-idii.nl cry-stals differed from those produced by dextrose or Icmlosc m f)cmg 
“more slender in proportion to their length.” 
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Without dietetic regulation or special treatment, he has retained 
health, strength and vim for the 28 years following. The urine has 
been studied with special reference to the specific pentose now 
present, which is found to be d-xjdoketose. 

A pentose (or a substance behaving chemically as a pentose) 
was also found in the blood, but owing to the small amount of 
serum available, its specific form could not be determined. 
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PHENOLEMIA AND INDOXYLEMIA. 

Their Origin, Significance, and Regulation, 

By B. a. Houssay, 

INSTITUTE OF PHYSIOLOGY, FACULTY' OF MEDICINE OF BUENOS AIRES, 
ARGENTINE REPUBLIC. 

This is a discussion of certain of the principles we have ascer- 
tained from the work done in our Institute on the origin, regulation 
and significance of phenolemia and indoxylemia. Marenzi, in his 
book published in 1933, has fully considered the problem of phenol- 
emia and that of indoxylemia has been dealt with in detail in an 
article 'of ours (1935). 

Phenolemia. While certain authors (Becher) only measure the 
free volatile phenols in the blood, others adopt methods which will 
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measure the bodies with phenolic groups (phenols, aromatic oxyacids, 
indoxjd, etc.) and even substances (indol) which give color reactions. 
Such is the method of Theis and Benedict (1924) modified by 
Marenzi (1931), using preferably trichloracetic acid for precipita- 
tion of proteins. With the method of JNIarenzi, the values obtained 
are the following, measured in mg. per 100 cc. of blood. 

Table 1. — Values fob Phenol in the Blood. 


Species. Author. 

Man .... Palsia, 1932 

Dog .... Marenzi, 1933 

Rat .... Marenzi, 1933 


Total Combined 

Free phenols. phenols. phenols. 

1.59 1.S2 0.23 

1.65 1.84 0.19 

1.62 1.80 0.18 


The phenols in the tissues can also be measured by this technique 
(Marenzi, 1932) even though no volatile phenols are found (Becher). 
Marenzi has also studied the amounts in the urine (1931, b) 

The blood phenols are products of exogenic origin, absorbed from 
the intestine, where they are formed by bacterial putrefaction of 
the aromatic bodies of the proteins. They are found, free and com- 
bined, principally in the blood and are eliminated by -the kidney. 

The amount found in the blood of various parts of the body has 
been determined by Marenzi (1933, d), who found in 5 chloralosed 
dogs that the value was slightly higher in the blood of the portal vein 
than in that of the vena cava or the carotids. 

The experiments of Becher (1931) and those of hlarenzi and my- 
self (1933, b, d) favor the theory of the intestinal origin of phenol- 
emia. When the kidneys are extirpated there is a rapid and progres- 
sive rise in the blood phenols. These come from the intestines, as 
when the kidneys and intestines are both extirpated (according to 
Becher), there is no rise in the blood and tissue phenol content; 
however, Marenzi found a slight rise in both total and free phenol, 
though much less than when the intestine was intact*). This slight 
rise in the phenols can be due to reabsorption of phenol produced in 
the operative stump, wdiich is hardly probable owing to the washing 
and drainage, or to slight amounts produced in the endogenous 
metabolism. 

Extirpating the intestines, leaving the kidneys iji situ, Becher 
found there was diminution and even disappearance of the urinary 
phenols. Marenzi (1933, b, d) has studied dogs in which I aseptic- 
ally resected the intestine from the anus (included) to the middle of 
the stomach which was drained and washed by a continuous drop. 
These animals received subcutaneous saline injections and so lived 
4 or 5 days. The combined phenols (which are formed in the intes- 
tine) rapidly disappeared from the blood, while the free and total 
amounts rose slightly at the beginning, and afterward slowly de- 
creased. 

* It must be taken into account that Becher only measures the volatile phenols 
and that Marenzi measures those which give Moir’s reaction, which explains the 
difference. 
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In the urine of these animals there was diminution of the free 
phenol and a still more pronounced decrease of combined phenol 
(Marenzi, 1933 b, d). 

The combination of the phenols occurs in all the organs^ but 
most intensely in the small intestine. In spite of classic opinion, 
the experiments of Mann and Bollmann (1930) confirmed by 
Marenzi and myself (Marenzi, 1931, a; Houssay and Marenzi, 1931) 
show that the liver is not an organ which specially combines the 
phenols. We injected 1 to 2.5 mg. per kg. of phenol by the jugular- 
vein in dogs Avith liver and one kidney removed, and observed that , 
the combination occurred normally. When the liver and both 
kidneys were extirpated the total phenol was not eliminated but 
the combination occurred without alteration (Fig. 1). • 



s 



0 30 60 90 120 

Minutes. 

Fig. 1. — Dog, 2S kg., wth liver and kidneys removed. At 0 m. 2S mg. phenol is 

injected in the jugular vein. 0 0, Total phenol in blood; • •, free phenol 

in blood; Q- combined phenol in blood. 


The kidney is the organ Avhich regulates the elimination but not 
the combination of the phenols. We have said that nephrectomy 
causes a rapid aird progressive accumulation of phenols originated 
principally, if not totally, in the intestine. If 1 to 2.5 mg. per kg. 
body weight of phenol is injected into the venous circulation of a 
recently nephrectomized dog, the phenol accumulates in the blood 
and does not disappear, but combination occurs Avell. If the kidney 
is injured by mercury bichlorid or uranilnitrate and there is anuria, 
or almost anuria, the injected phenol remains in the blood and is not 
eliminated, or eliminated very slowly (jMarenzi, 1931, c). Total 
extirpation of all the intestine or of the small intestine retards the 
combination, and the rise in phenol produced by the injection per- 
sists longer. On the other hand, extirpation of the large intestine, 

VOL. 102, NO. .'i. — NOVKMiir.n, 1030 22 
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stomach or spleen does not retard the combination (Marenzi, 1931, 
c, 1933, d). 

The amount of phenol increases in the spleen, muscles, kidney, 
liver, etc., after injection of phenol into the blood stream. The 
kidney retains the phenols and later eliminates them (Marenzi, 
1933, c). 

To recapitulaie: The phenols of the hlood are cine to ahsorptim 
from the intestine of phenols produced by bacterial action, with a 
probable small quantity • produced by endogenous metabolism. The 
blood is the site for their storage, although they aecuimdate to a lesser 
degree in the tissues. The kidney is the essential regulator of the pheno- 
lemia, as it eliminates the phenols. The combination of the phenols 
occurs in many parts of the body but especially in the small intestine, 
the liver not having any special role in this process. 

Indoxylemia.* Indoxyl. Trjfptophane is the precursor of indol 
(Nencki, 1895; Hopkins and Cole, 1903). The intestinal bacteria 
transform it into skatol and indol, the presumed steps of this trans- 
formation taking place as seen in Table 2. Indol is absorbed and 
converted by the liver to indoxyl. The indoxyl accumulates almost 
exclusively in the blood. The kidney is the eliminating organ of the 
blood indoxyl and therefore the principal regulator of the indoxyl- 
emia. 


Table 2. — Pbodection of Indol by Bacteria or in Putrefaction. 


MaiUard. 

TryptopEano 


Dakin. 

TryptopEane 


Peters 

and Van Slyke. 
TryptopEane 


Rondoni. 

TryptopEane 


1 

(Upamination) 

i 

indolpropionic acid 
(dpcarboxilation) 
cthylindol 

i . 

(terminal oxidation) 
indolacctic acid 


metEylindol 

(scatol) 

i 

indolcarbonic acid 

1 

indol 


indolpropionic acid 


indolacetic acid 

i 

indolcarbonic 

1 

inetEylindol 


indol 


1 . 

(decarboxilation) 

indolcthylamin 


(deamination 
and oxidation) 
indolacetic acid 

1 . 

(descarboxilation) 

metEylindol 


(oxidation) 

indol 


indolethylamin 

I 

indolpropionic acid 


indolacetic acid 


metEylindol 


indol 


Indoxyl is isolated from the urine as indican, that is potassium 
indoxjd sulphate (indolsulphate or potassium, Dakin) and also may 
occur as indoxylglucuronic acid. Man eliminates per day, 0.9 to 
36 mg.- (Maillard). 10 to 20 mg. (Migliardi), 15 to 25 mg. (Laroche 

* We ha%-e published a complete study on this subject nith bibliographic data, 
1935. The classic monograph by Maillard should also bo seen. 
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and Poumeau-Delille) of indoxyl per day. It is diminished in fasting 
or on a milk diet and increased on a meat diet, also in intestinal 
putrefactions, of which it is an indicator, but not a quantitative one, 
and sometimes by constipation, etc. There is no indoxjd in the bile, 
sweat or cerebrospinal fluid, but it occurs in the blood. 

Indoxylogenous Bodies. Apart from indol, ortho-nitro-phenyl 
propiolic acid (Hoppe Seyler, 1882-1883, etc.) was the only known 
body capable of being transformed into indoxjd in mammals. Raper 
has shown that tyrosin can be transformed into indolic bodies in the 
larvjE of Tcnebrio. In our experiments with Deulofeu and Mazzocco 
(1934-1935) we were able to show that other bodies when injected 
into nephrectomized dogs, gave rise to indoxyl which accumulates 
in the blood. The average of the experiments with each substance 
figures in Table 3. 

Table 3. — Indoxylbmia (in Indican, Mg. o/oo) of Blood Plasma of Nbi’HKEc- 
TOMiZED Dogs Receiving 10 Mg. per Kg. Intravenously 
of Various Substances. 


Timtf after injection. 


Drug. 

0. 

15 

nin. 

30 min. 

1 hr. 

2 Iirs. 

4 hrs. 

8 hrs. 

Indol 

1.14 

10 

48 

13.72 

19.40 

28.20 

37.00 

46,00 

o-nitrophenylpropiolic acid . 

0.99 

9 

38 

13.73 

16.36 

19.71 

27.00 

• » . 

^-indolothylamin 

1.23 

. 


8.54 

9.94 

11.16 

12.96 

20.29 

/3-indolaldehyde .... 

1.02 

7 

28 

8.32 

9.78 

10.00 



/3-indolpiruvic acid 

1.90 



6.47 

6.18 

7.03 

7.13 

10.39 

o-nitrophonylacetaldehydo . 

1.40 



2.72 

2.06 

3.76 

6.42 

9,56 

/3-methylindol .... 

0.20 





1.42 

5.27 

9,68 

a-mothylindol .... 

1.00 



2.46 

2.63 

3,62 

4.60 

0.49 

Isalin 

1.13 



1.56 

1.83 

3.17 

4.42 

8.55 

/3-indolpropioiiic acid 

0.84 



... 


2.06 

4,30< 

5.00 

Tryptophane ...... 

a-indolcarbonic acid 

0.85 



1.23 

1.44 

1.15 

1.88 

2.09 

0.46 



. . • 

0.73 

0.97 

1.20 

1.99 

/3-indolcarbonic acid 

0.59 





0.92 

1.18 

1.50 

Control (no injection) 

0.80 




I.IS 

1.58 

1.99 

3 . 05 


* The highest figure w.ns 4.7S. 


It can be seen, according to the quantity of indol produced, that 
indol and ortlio-nitro-phenyl-propiolic acid come first; 2d, indole- 
thylamin; 3rd, /3-indolaldehyde; 4th, /5-indolpiruvic acid and ortho- 
nitrophenyl-acetaldehyde; 5th, /3-methyl-indol and (3-methyl-indoI, 
isatin; Gth, jS-indol-propionic acid (hardly significant results). 
None of the following substances produce indol: trj’ptophane 
a- and /3-indocarbonic acids, tyrosin, ortho-nitro-cinnamic acid, ortho- 
nitro-phenyl piruvic acid, ortho-nitro-phenyl-acetic acid and nitro- 
bcnzaldchyde. 

We found there were three different physiologic mechanisms for 
the conversion into indoxjd (Fig. 2) which are: 

1. General, cxtrahepaiic and c.rirai7ifcsimal: Ortho-nitro-phenyl- 
propiolic acid causes a large increase in indox^demia, even in dogs 
(nephrectomized or not) with extirpation of the liver or digestive 
tract. In .spite of this the liver seems to be an important site for the 
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elaboration of indoxyl, because the indoxjdemic curve rises slower 
during the elaboration in the hepatectomized dogs (Fig. 2). 

2. Prmcipal and almost exclusive hepatic conversion: Injection of 
indol causes an insignificant rise in indoxylemia when the liver is 
extirpated, but the rise is rapid and large as is usual, when the diges- 
tive tract is extirpated (Figs. 2 and 3). 



Fig. 2. — Average values of curves' of plasma indican (mg. o/oo) in dogs injected 
in the jugular with 10 mg. per kg. of o-nitrophenylpropiolic acid, indolaldehyde, or 
indol. J', Nephrectomized; D, kidneys and digestive tract removed; H, hepatec- 
tomized and nephrectomized. o-nitrophenylpropioIic acid is converted into indo-xyl 
even when liver and digestive tract have been removed. Indolaldehyde and many 
other bodies do not produce indol if the liver or the digestive tract are removed. 
Indol is converted into indoxyl when the digestive tract is missing, but not in the 
absence of the 1!%^. 


3. Co7iversion neccssiiaimg both liver an{l digestive tract: /5-indol- 
aldehyde, o-nitrophenyl acetaldehyde, /3-indolpinivic acid, isatin, 
/3-methylmdol do not raise the indoxjd (or the rise is very slight) if 
the digestive tract or liver are extirpated (Fig. 2). It is probable 
that the digestive tract fonns a precursor, which is probably indol 
(although with the technique employed we were unable to find this 
body in the blood after the injection of isatin or nitrophenylacetalde- 
hyde which the liver converts into indoxyl). This mechanism is the 
most usual, occurring with all the substances except two. 

From these experiments it can be deduced, if the intermediate 
metabolism gives rise to the production of indoxyl (which is not 
clearly proved), that indolethylamin and indolpropionic, and indol- 
piruvic acids can be intermediate products, but not the indolcar- 
bonic acids. 

Fate of the Indol. It is possible to measure ly (micro-gram) of 
indol in the blood (jMazzocco, 1935) exi:racting it ivith ether, by tlie 
red color which is obtained with para-diraethylamidobenzaldehyde 
in the presence of hydrochloric acid. I^'e have been unable to 
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demonstrate indol in the portal or arterial blood of the dog or in the 
venous human blood whether normal or pathologic, although Becher 
(1931) found it in the gravest cases of uremia and hepatic insuffi- 
ciency. 

Placed in the small intestine, it is rapidly absorbed and changed 
to indoxjd in the liver. Up to 5 mg. o/oo of indol can be found in the 
portal vein during 15 to 45 minutes, which does not pass to the 
suprahepatic veins unless the absorption is very great and even so 
the proportion is very much less (Houssay, Deulofeu and Mazzocco, 
19.35). 

The indol injected into the blood disappears rapidly and cannot be 
traced with ordinarj^ methods after 5 minutes (Olivet, 1929; Gaetani, 
1933). With more sensitive tests, injecting 10 mg. per kg., it can 
be measured during 30 to 45 minutes and faint traces found during 
2 to 4 hours (Garcia-Bianco and Vidal, 1933; Macchia, 1934; Maz- 
zocco, 1935). 



Houns. 

Fig. .3. — Average values of curves of plasma indican (continuovis trace) and indol 
(discontinuous trace) in mg. o/oo, in dogs injected intravenously with 10 mg. per kg. 
of indol. T, Nephrectomized; D, nephrectomized and digestive tract removed; 
//, nephrectomized and hepatectomized. 

The fixation of indol is accompanied by a rapid conversion into 
indoxyl, which is almost the same even when the digestive tract is 
missing, but which ceases if the liver is extirpated. In this case 
there is a large quantity of indol in the blood after 2 hours (Fig. 3). 
Contrary to indoxwl, which is accumulated almost exclusively in 
the blood, indol is retained in the organs where it can be demon- 
strated (hlazzocco). A large part of the indol h> destroyed, as 
100 mg. of indol in the blood does not produce more than 30 to 33 mg. 
of indican in the nephrectomized dog (Houssay, Deulofeu and 
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Mazzocco, 1935). If 50 mg. of indol is injected, 10 to 20 mg. of 
indican are eliminated in the urine, i. c., 20 to 40% (Olivet, 1929). 
A small quantity of indol is eliminated in the urine, bile (hlacchia, 
Garcia-Bianco and Vidal) and saliva (Macchia). 

Origin of the Indoxylemia. Indol occurs in the intestine and is 
absorbed easily, being rapidly converted into indoxjd in the liver, 
as has been proved in the blood and urine of man and various ani- 
mals. Unfortunately with the actual methods of estimation, indol 
cannot be demonstrated in the normal portal blood. 

The extirpation of the digestive tract does not modify the con- 
version of indol into indoxyl in the frog (Gautier and Hervieux, 
1907-1919) or in mammals (Houssay, Deulofeu and Mazzocco, 
1934-1935) but the extirpation of the liver prevents this conversion 
(same authors) (Figs. 2 and 3). 

The origin of the indoxyl in the blood has been attributed vari- 
ously as intestinal, septic, metabolic and toxic. The intestinal 
origin is certain, indoxjduria is an indicator (but not a quantitative 
one) of intestinal putrefaction; also there is no indicanuria in the 
recently born or in guinea pigs kept aseptically, and it is less on a 
milk diet or during fasting but increases on meat diet, etc. 

Extirpation of the intestine diminishes and even causes the dis- 
appearance of the urinary indican (Becher, 1931; Billi, 1931-1932; 
tioussay, Mazzocco and Potick, 1934) but later it rises again, which 
is attributed to bacterial action in the duodenal stump (Billi, 
Heilmeyer and Pfotenhauer, 1933). Nevertheless we have observed 
this after extirpating the digestive tract from the cardia to the 
anus inclusive, draining the cardia and with drop drainage through 
an esophageal tube (Houssay, Mazzocco and Potick, 1934). 

The usual large increase of indicanemia occurring in dogs- with 
extirpation of the kidneys does not take place when the digestive 
tract is extirpated (Becher, 1931; Billi, 1931-1932). We have 
observed a slight rise which does not occur when the liver as well 
is extirpated (Fig. 4). This may be due to a precursor (indol?) 
stored in the organs or perhaps to the intermediate metabolism. 
The three groups of investigations agree eompletely, that the origin 
of the indol is essentiallj^ intestinal. Tliere has been deseribed a 
rise in the indicanuria in certain septic foci (gangrenes, abscesses, 
etc.). A septic origin of indoxyl is possible but it has not been 
proved satisfactorily and much less so the metabolic and toxic 
origins (hlaillard, 1913). 

Indoxylemia. Her\deux (1904) was the first to report indoxylemia. 
Several modern methods, all very' similar have been devised for the 
estimation of indoxjd in the filtrate of serum precipitated by trichlor- 
acetic acid by means of Jolles reaction. We used the raetliod 
indicated by M’azzocco (1934). Indican is not ultra filtrable and is 
not found in the red blood cells, the presence of hemoglobin in 
serum or plasma makes its estimation impossible. 
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The following figures have been obtained in normal human blood 
0.26 to. 0.82 mg. per liter" (Haas, 1915-1916-1917); 0.4 to 1.07 
(Hosenberg, 1916-1927); 0.16 to 0.64 (Livierato and Simonetto, 
1930). The averages found in this Institute are 0.41 (Mazzocco), 
0.29 (Biassoti). 

It is abundant in the dog and varies considerably, from traces 
to 2, 4 and 5 mg. o/oo in iSl estimations in this Institute (average 
0.68 mg. per liter). We regard as adequate for the experiments the 
figures obtained between 0.10 and 1.25 mg. per liter. 



Hours 

Fig. 4. — Average values of indican (mg. o/oo) in plasma of dogs. 7f, Nephrecto- 
mized (10); R.I., nephrectomizod, stomach .and intestine removed (4); 
nephrectomized, stomach and intestine removed, hepatectomizcd (4). Cardia 
drained and washed by continuous drop in the last two series. 


Thyroid or hypophyseal in.sufficiency does not change the indica- 
nemia. Indoxylemia is above all increased by renal diseases pro- 
ducing uremia. There'is no rise innonnal pregnancy. In our 1935 
paper we summarize the principally known data and the work of 
Van Slyke and Peters may also be consulted. 

From the fact that the indoxyl found in the blood is not an essen- 
tial product of intermediate metabolism but an exogenous com- 
ponent, the quantity absorbed by the intestine is variable; there- 
fore, the logical thing would be to explore the renal function by 
means of a new test consisting in the injection of indoxyl into the 
veins and observing its length of stay in the blood (for example, 
estimations in series or at a given liour). The dose must of course 
lie innocuous. 

Regulation of Indoxylemia. The factors which can regulate the 
indoxA’lemia are: 

1, The quantity of indol produced and absorbed in the intestine. 
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2, The conversion of the indol in indoxyl in the liver, and its 
destruction, which is important. 

3, Storage in the blood. 

4, Elimination by the kidney. 

The influence of the condition of the contents and of the mucosa 
of the intestine on indicanuria has been studied, but little work has 
been done on the effects of these factors on indicanemia. Laroche, 
Grigaut and Poumeau-Delille (1929), Laroche and Poumeau-Delille 
(1932), Laroche and Grigaut (1934) think the intestinal absorption 
has a large influence on the indicanuria because this rises during 
peptonic or anaphylactic shock, etc. 
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Fig. 5. — Average values of curves of plasma indican in dogs (mg. o/oo) injected 
intravenously with 2 mg. indican. T, normal controls; D, stomach and intestine 
removed; H, hepatectomized; A'', nephrectomized. 


The liver fixes, partially destroys and converts the indol into 
indoxyl. It is accepted that indicanuria cannot be a test of insuffi- 
cient hepatic function (Maillard, 1913; Laroche and Poumeau- 
Delille, 1932). Only in the gravest forms of hepatic insufficiency 
is indolemia found Avithout hyperindicanemia (Becher, 1933). 

The blood is 'the principal site for the retention of indican. The 
organs contain little (Olivet, 1929) or none (Becher, 1920-1921-1931) 
or small inconstant amounts (Houssay, ^lazzocco and Potick, 1934); 
although if the indicanemia is raised by nephrectomy or injection 
of indican, estimable amounts may be found (Becher and ourselvp). 
Olivet considers that the liA-er and skin have a storage capacity, 
but it must be noted that the amount contained in all the organs 
is not more than one-tenth to one-seventh of that present in the 
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blood. Fifteen minutes after injecting indican we found high figures 
(1.4 to 1.6 mg. per liter) in the kidney, which fixes it for excretion. 

The injected indican passes into the urine (Hoppe Seyler, 1883). 
The elimination begins within a few minutes and is nearly complete 
in 24 hours, but the total elimination is not obtained until the second 
day. In dogs, injected Avith 2 mg. per kg. intravenously, it Avas 
sometimes impossible to recoA^er all the dose injected (Houssay, 
Mazzocco and Potick, 1934). 

. The elimination of indican from the blood is performed by the 
kidney, not by the Ih’-er or digestiA'-e tract (Houssay, Mazzocco and 
Potick, 1934, b.) We injected series of chloralosed dogs AAdth 2 mg. 
of indican in the jugidar A'-ein, which caused a large increase in the 
indoxylemia. In the controls (Fig. 5, T) or those AAothout stomach 
and intestines {D) or Avithout Ih’^er {li) the indican disappeared 
from the blood, AAdiereas in the nephrectomized animals {N) there 
AA'as only a slight initial decrease, the indoxylemia then remained 
high and began to rise sloAAdy after 2 hours, probably due to the 
endogenous indoxyl. Thus the kidney is responsible for the elimina- 
tion of indoxjd; it takes it from the blood and rapidly gets rid of it. 
In the absence of the kidney injected indol remains in the blood. 
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CLINICAL OBSERVATIONS AT HIGH ALTITUDE.* 

Observations on Six Healthy Persons Living at 17,500 Feet 
AND A Report of One Case of Chronic Mountain Sickness, 

Bv John H. Talbott, M.D., 

INSTRUCTOR OF MEDICINE, HARVARD UNIVERSITY, 

AND 

D. Bruce Dill, Pn.D., 

ASSISTANT PROFESSOR OF BIOLOGICAE CHEMISTRY, HARVARD UNIVERSITY, 

BOSTON, MASS. 

(From the Fatigue Laboratory, Harvard University, and the Medical Clinic of the 
Massachusetts General Hospital.) 

The symptoms of acute mountain sicloiess associated with an 
ascent of several tliousand feet are well known and readily recog- 
nized. These symptoms include headache, weakness, nausea, 

* The International High Altitude Expedition vas supported by grants from: 
the Fatigue Laboratory, Harvard; the hlilton Fund, Harvard; Duke University; 
Columbia University; the National Research Council; the Royal Society (London); 
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the Josiah Macy Foundation; and the various uiiiversity departments concerned. 
Wc are also Neatly indebted to the Chile E.xploration Company of Nev York and 
Chuquicamata, Chile, and to its officers, to Sefiores Hipolito and Juan Carrasco of 
the S, I. A. J.I. Carrasco, to Messrs. Packard and Bell of the Poderosa Mining Com- 
pany, to the Fcrro-Carril dc .tMitofagasta a Bolh-ia, and to the many people, officials 
and private citizens, who facilitated our work in Chile. 
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vomiting and insomnia. Their usual duration is less than a v eek and 
their subsidence is assumed to be related to the phenomenon known 
as acclimatization. For most persons acclimatization to altitudes 
as high as 10,000 or 12,000 feet is possible and permanent residence 
may be accompanied by no other sjnnptom than increased dyspnea 
on exertion. At these altitudes cities and tovms have existed for 
generations in this country and in others without noticeable impair- 
ment of the general health of their inhabitants by the decreased 
oxygen pressure. Above 12,000 feet the number of permanent 
settlements decreases rapidly and beyond 14,500 feet there are veiy 
few accessible permanent colonies in the world. The maximum 
altitude at which it is possible for human beings to live for many 
months in a state of good health varies among individuals, but it is 
probably under 20,000 feet.^ Studies on permanent residents living 
between 14,500 feet and 20,000 feet are few in number and have 
been confined to the dwellers on the plateaus in central Asia and in 
the Andes of South America. Notable among these studies are those 
by Monge- and Hurtado^ concerning the physiologic and pathologic 
changes observed in men working in mines at altitudes as high as 
14,900 feet. The opportunity to extend these observations was 
afforded this past summer in northern Chile, where studies were 
conducted in permanent settlements situated as high as 17,500 feet. 
At this altitude 6 residents, as volunteer subjects, furnished the data 
which forms a portion of this communication. The remainder of 
the report is concerned with the discussion of a sjmdrome which has 
been designated as chronic mountain sickness. This sjmdrome was 
observed in a female patient who had lived for more than 20 years 
at an altitude of 15,400 feet and at the time of the examination was 
living at 12,000 feet. 

Chronic mountain sickness as a clinical entity was described first 
by Monge. ^ Because of this fact the eponj^mic term Monge’s dis- 
ease has been proposed recently.® This disease is not to be confused 
with acute mountain sickness, the symptoms of which persist for 
only a few days, or with “glacier lassitude”® observed in persons 
residing- temporarily at very high altitude. Chronic mountain 
sickness is observed in persons who are permanent residents at high 
altitude and by the accepted standards are acclimatized. This 
acclimatization is relatively permanent and the shortest inten'al 
noted by Monge in any of his patients between arrival in the high- 
lands and the onset of symptoms of chronic mountain sickness was 
2 years. In other patients the interval was as long as 20 years. 
The point may be stressed that this is a disease which occurs in 
healthy persons acclimatized to low oxygen pressures. Among the 
presenting symptoms are headache, hoarseness, loss of appetite, 
weakness, paresthesias and transient spells of stupor or coma. 
On physical examination cyanosis, pigmentation, generalized va.so- 
dilatation and In-j^otension arc observed. The syndrome is cliar- 
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acterized by remissions following which each relapse is progressively 
more severe. When the disease develops at a given altitude, ascent 
to a higher one is associated wdth an exacerbation of symptoms, 
while descent to a lower altitude is associated with relative or com- 
plete alleviation. If the patient remains in the highlands death 
eventually results from hemorrhage, pulmonary thrombosis, bron- 
chial pneumonia or cardiac insufficiency. Descent to sea level is 
accompanied by complete alleviation of symptoms and in the 
patients followed to date cure has been permanent at this elevation. 

The analytic methods used in this study have been described pre- 
viously. ® In most instances arterial blood was drawn in the morn- 
ing before the day’s work had begun. The results are given in the 
table. The medical history and physical examination of each of the 
health}’- residents at 17,500 feet are given below. 

Control Subjects. No. 1, Ca., a single man, aged 32, was examined 
July 11, 1935. He was born in the lowlands of southern Chile and came up 
to 17,500 feet 6 years before e.xamination. On arrival he had headache and 
loss of appetite for 3 days. He had no symptoms of mountain sickness 
after that. His past history was essentially negative. He worked about 
7 hours a day at 19,000 feet and was reputed to be one of the best and 
hardest workers at this altitude. He spent about 1 week a year at sea level. 

Physical Examination. Pulse, 64; respiratory rate, 14; blood pressure, 
112/78. His general appearance was healthy. There was dusky cyanosis 
over the exposed parts of the body. The chest was emphysematous in 
contour. The left border of the heart was 2 cm. inside the nipple line. No 
murmurs were heard. The pulmonic second sound was equal in intensity 
to the aortic second. Tim diaphragm on either side was elevated on per- 
cussion and descended slightly on deep inspiration. No rfiles were heard 
in the lungs. The liver and spleen were not palpable. The knee jerks were 
hyperactive. There was slight clubbing of the fingers. 

No. 2, Tr., a single man, aged 29, was examined July 12, 1935. He was 
born in the lowlands of southern Chile and came up to 17,500 feet 9 years 
before examination. His past historj’- was essentially negative. On arrival 
he had headache for 2 days. There were no symptoms of moimtain sickness 
after that. His appetite was good and he felt as well as when he was at sea 
level. 

Physical Examination. Pulse, 72; respiratory rate, 18; blood pressure, 
108/98. There was dusky cyanosis over the exposed parts of the body. 
The eye grounds showed some dilatation of the veins but were otherwise 
normal. The chest was emphysematous in contour. The heart was not 
enlarged to percussion. The pulmonic second sound was reduplicated and 
.louder than the aortic second. No murmurs were heard. The breathing 
was abdominal in tjqie. The breath sounds were distant, but no riles were 
heard. The liver and spleen were not palpable. The knee jerks were 
hyperactive. There was slight clubbing of the fingers. 

No. 3, Al., a married man, aged 39, was examined July 4, 1935. He was 
born in the lowlands of Bolhda and came up to 17,500 feet 14 years before 
examination. On arrival he had headache and dizziness for 5 days. There 
were no sjmptoms of mountain sickness after that. His past historj' was 
essentially negative. He worked 6 hours a da}' at 19,000 feet, slept well 
at night and felt as fit as when he was at sea level. He had 4 living children. 

Physical Examination. Pulse, 44; respiratory rate, 16; blood pressure, 
118/74. There was dusky cyanosis over the exposed parts of the body. 
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The eye grounds showed some dilatation of the veins. The chest was 
emphysematous in contour. The heart was not enlarged to percussion, 
the rate was regular and no murmurs were heard. The pulmonic second 
sound was equal in intensity to the aortic second. No rales were heard in 
the lungs. No abdominal organs were palpable. The deep reflexes were 
present. There was clubbing of the fingers. 

No. 4, Fr., a single man, aged 35, was examined July 4, 1935. He was 
born in the lowlands of southern Chile and had not lived in the mountains 
until 2 years before examination. On arrival at 17,500 feet he had headache 
and loss of appetite for 4 days. He denied any symptoms after that. His 
past historj’’ was essentially negative. His appetite was good and he felt 
as well as when he was at sea level. 

Physical Examination. Pulse, 62; repiratory rate, 22; blood pressure, 
182/108. There was dusky cyanosis over the exposed parts of the body. 
The eye grounds showed slight dilatation of the veins. The heart was not 
enlarged to percussion, the rate was regular and no murmurs were heard. 
The pulmonic second sound was greater than the aortic second. No rales 
were heard in the lungs. The liver and spleen were not palpable. The 
deep reflexes were present. There was no clubbing of the fingers. 

No. 5, Ba., a single man, aged 28, was examined July 12, 1935. He was 
liorn in the lowlands of southern Chile and came up to 17,500 feet 10 years 
before examination. After arrival he had headache for 3 days. He denied 
any symptoms of mountain sickness after that time. Eiis past history was 
essentially negative. There was a loss of weight of about 10 pounds during 
the years after arrival. He worked 6 hours a day at 19,000 feet, slept well 
at night and felt as fit as when he was at sea level. 

Physical Examination. Pulse, 68; respiratory rate, 16; blood pressure, 
142/98. There was dusky cyanosis over the exposed parts of the body. 
The chest was emphj'’sematous in contour. The heart was not enlarged 
to percussion, the rate was regular and no murmurs were heard. There 
was a reduplication of the pulmonic second sound which was greater than 
the aortic second. No rales were heard in the lungs. No abdominal organs 
were palpalile. The deep reflexes were present. There was slight clubbing 
of the fingers. 

No. 6, He., a married man, aged 36, was examined July 11, 1935. He 
was born in the lowlands of southern Chile and came up to 17,500 feet 7 
j’-ears before examination. On Iris arrival he had headache and insomnia. 
He denied any symptoms of mountain sickness after the first 4 daj's. His 
past historj^ was essentially negative. His appetite was good and he felt 
as well as when he was at sea level. 

Physical Examination. Pulse, 76; respirator}' rate, 19; blood pressure, 
108/88. There was dusk}' cyanosis over the exposed parts of the body. 
The eye grounds showed some dilatation of the veins. The chest was emphy- 
sematous in contour. The heart was not enlarged to percussion, the rate 
was regular and no murmurs were heard. The pulmonic second sound was 
equal to the aortic second. No rales were heard in the lungs. The liver 
and spleen were not palpable. The deep reflexes were present. There was 
slight clubbing of the fingers. 

CoMiMENT. The duration of residence (2 to 14 years) of the 6 
healthy workmen at 17,.500 feet is sufficient to allow us to consider 
them permanent inhabitants. Proceeding from this premise the 
characteristic changes in the constituents of the blood and in the 
medical examinations are assumed to be related to the effects of 
high altitude. The unanimous admission of symptoms of acute 
mountain sickness in the first days after arrival at this altitude 
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suggests that their occurrence is no indication of the ability to 
become acclimatized to elevations as high as 17,500 feet. In all 
subjects the neck was palpated to detect any enlargement of the 
thyroid. Colloid goiter and hyperthyroidism are not unusual in 
residents above 14,000 feet, but were not observed in any of the 
workmen. Other significant points in the physical exammations 
were normal blood pressure, a normal respiratory rate at rest, an 
emphysematous-like contour to the chest and clubbing of the fingers. 
In no subject were rales heard at the lung bases or was the liver 
or spleen palpable. In 3 subjects the pulmonic second sound was 
accentuated and greater than the aortic second sound. The average 
pulse rate for the 6 men at rest was 64. In Subject 3 the pulse rate 
was 44 at rest. This was not associated with cardiac arrhythmia 
or other evidence of heart block. The absence of tachycardia at 
high altitude suggests that the tachycardia of cardiac decompensa- 
tion is not directly related to anoxemia. The emphysematous-like 
contour of the chest observed in most dwellers at high altitude is 
associated with an increased vital capacity.® This is in contrast 
to pulmonary emphysema seen at sea level which is associated 
usually with a diminished vital capacity. In both conditions the 
alveolar sacs are dilated but in pulmonary emphysema the alveolar 
capillaries are partially obliterated while in emphysema at high 
altitude the alveolar capillaries are dilated. 

The data obtained from the exammation of the arterial blood show 
among other changes a large increase in the oxygen capacity, cell 
volume and red cell count., In 4 of the 6 subjects the oxygen capac- 
ity of the blood was above 30 vol. % and the cell volume above 72%. 
The highest cell volume observed ivas 81.8%. In this patient the 
blood was exceedingly viscous and it was drawn through a 19-gauge 
needle into an oiled syringe with great difficulty. The lowest satur- 
ation of arterial blood observed was 67.6%, the highest was 84.6% 
and the average for the 6 men was 7o%. In 10 temporarj^ residents 
at the same time of year at this altitude the average saturation was 
76.2%.’“ The absence of any difference between the arterial satura- 
tion in the temporary and the permanent residents suggests that 
permanent acclimatization is not associated with any significant 
change in this function of the blood. It may be assumed that an 
ascent to a given altitude is accompanied by a decreased oxygen 
saturation which remains relatively constant at rest as long as the 
subject remains at the same altitude. It is interesting that Subject 
5, for example, had lived more than ten years at 17,500 feet with an 
arterial oxygen saturation presumably about 70% with no o'ther 
.symptom than increased dyspnea on exertion. The data for con- 
centration of hemoglobin in cells, a coefficient derived from the 
oxygen capacity of the blood and tlie cell volume and expressed in 
volumes per cent of oxygen combining capacity per liter of cells, 
are given in the table. 
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The average range for normal men at sea level is from 44 to 46 
vol. % per liter of cells. The average for the 6 subjects was 44.0. 
In the blood at sea level of patients with erythremia (polycythemia 
vera) the concentration of hemoglobin in the cells may be 25% below 
•this amount.'^ 


Table 1. — Experimental Observations on Arterial Blood. 
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Patient with chronic mountain sickness examined at 12,000 feet. 

T.V. doG. . . 

25,0 

71.4 

55.0 

45.0 

7.37 

5,400 

2.2 

135.9 

4.1 

9.7 

7.63 

47.4 106.1 


* Venous blood. 


The carbon dioxid content of arterial serum varied between 30 and 
40 vol. % for the 6 men. The pH of the arterial serum reflected a 
mild degree of acidosis. These constituents have been discussed 
by Dilh® for the temporary residents and will not be considered 
here. The serum concentration of potassium and chlorid were 
.normal or above normal and the concentrations of sodium were 
below normal. The concentrations of protein and calcium were 
within normal limits. These observations are few and the v^aria- 
tions from normal are not large in. most instances. There is an indi- 
eafion, however, that the summation of the acids and bases are 
from 1 to 3 m. — Eq. per liter below the average for persons at sea 
level. The results of the examinations of the urine, which included 
albumin, sugar and sediment, were negative. 

It should be emphasized that the 6 subjects from whom these data 
were obtained were healthy worlanen living at 17,500 feet, and 
accustomed to climb each day more than a thousand feet to an open 
sul]ihur mine where 6 to 8 liours of strenuous labor were performed 
6 days a week. Employing these obser\Titions as controls, the 
pathologic syndrome infrequently observed following prolonged 
residence at high altitude will be considered. 

Case of Chrome Mountain Sickness. T. Y. de G., a oS-year-old 
widowed housewife, was seen June 10, 1935, complaining of severe' hoarse- 
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ness. She was born in Oruro, Bolhda, 12,000 feet aboA^e sea level and had 
lived most of her life in high altitude. She had 6 siblings, 5 of whom were 
well; 1 sister had symptoms similar to those of the patient. As a young 
girl the patient was healthy. Her catamenia began at the age of 16 and 
ceased at the age of 50. She Avas married at 25 and had lieen pregnant 
about 10 times. She had 3 children Ihang and well. The others had died in 
infancy AAoth coughs and colds. In 1905, at the age of 28, she had a right- 
sided hemiplegia which lasted about 1 month but Avas folloAved by complete 
recoA'ery. No further details AA'ere obtained regarding this episode. It 
occurred during her child-bearing years and possibly AA^as related to one of 
her pregnancies. The absence of CAudence of valvular heart disease when 
she Avas examined in 1935 suggests that the hemiplegia was not the result 
of an embolus from a heart chamber or valve. In 1931, she had an acute 
attack of cholelithiasis and jaundice. This was treated medically and there 
was no recurrence of sjTnptoms. Her past history was othenAose negative 
except for symptoms associated with residence at high altitude. 

At the age of 23 the patient went to live in Collahuasi, Chile, at an eleA^a- 
tion of 15,400 feet. She lived in or near this toAsm for the next 20 years. 
During the 15 years before examination she had lived at 12,000 feet, but 
frequently went up for short Ausits to 15,400 feet. 

The present illness began when she was about 40 and living at 15,400 feet. 
At that time she had a difficult delmerj^ at childbirth which AA'as accompanied 
by an excessive hemorrhage. Shortly after this eA'ent, mild occipital head- 
aches AA'ere noted Avhich increased in severity up to the time of the examina- 
tion. The occipital headaches at first were associated Avith tinnitus, a 
symptom not present in recent years. For over 10 3'ears she had black 
spots before her ej’^es in the evening and infrequently colored scotomata. 
Vertigo was present when she stooped over. The mucous membranes of 
her mouth Avere usually dry and she had infrequent pain below her eyes 
Avhich suggested to the examiner sinusitis. She had 1 to 3 sore throats a 
j^ear. 

The chief complaint Avas hoarseness. In recent j’^ears this had been very 
seA’^ere and in the Avinter months had been accompanied by aphonia AA'hicli 
persisted for as long as 3 weeks. For many years she had a slight cough 
but there were neA^er any night sAs^eats or blood-tinged sputum. There were 
no cardiac sjTnptoms until 1935 at which time she had mild non-radiating 
precordial pain accompanied by palpitation. She neA'er had any edema 
of her ankles. In recent years she had folloAA'ed a peculiar dietary regime. 
In the morning her appetite had been good and she had eaten her heaAoest 
meal shortly after arising. By noon she had mild anorexia and by 3 o’clock 
she had lost her appetite. She had had no nocturia. In the 4 years preATOUs 
to the examination she had tingling of her fingers and toes and numbness 
and cramps of her extremities at night. In summarjq her presenting sjTnp- 
toms were occipital headache, spots before her ej'es, hoarseness and aphonia, 
anorexia and tingling of her fingers and toes. When she AA’ent to a higher 
altitude seA'eral of the sjTnptoms AA-ere aggraA^ated and when she Avent to a 
lower altitude they Avere diminished. She had not gone doAATi to sea IoatI 
since 1920. 

Physical Examination. Pulse, 78; respiratory rate, 20; blood pressure, 
80/60 and 78/60. There was cj^anosis of her lips and nails and a diffuse 
pigmentation over the exposed parts of her body. The conjunctiva; Avere 
suffused'. The A^eins of the fundi were engorged but no exTidatcs or hemor- 
rhages were seen. The teeth were carious and the tonsils Avere large. Tlie 
neck A'eins AA’ere full. The chest was barrel-shaped. There AA'ere occasional 
coarse rales at the lung bases AA'hich disappeared after coughing. The breath 
sounds over both sides of the chast were harsh. The breathing Avas upper 
thoracic in type. The heart Avas not enlarged to percussion. There Avas a 



TALBOTT, dill: CLINICAL OBSERVATIONS AT HIGH ALTITUDE 633 

soft, non-transmitted sj^stolic murmur at the apex. The pulmonic second 
sound was reduplicated and greater than the aortic second. The abdominal 
wall was relaxed. Tire liver and spleen were not felt._ The knee jerks and 
ankle jerks were present and active. There was clubbing of the fingers and 
toes. There was no edema of the extremities. She appeared to be stable 
emotionally and was not suffering from a psychosis or neurosis. 

Chronic mountain sickness is a little known entity in North Amer- 
ica and no patients with this sjmdrome have been described in the 
United States. In addition to the 1 patient presented above, there- 
fore, it seems desirable to include brief records of 2 of Monge’s 
patients.” These patients were Peruvians and had acquired chronic 
mountain sickness in the Peruvian Andes. 

Patient M. N., a married engineer, aged 38, was seen in 1923 complaining 
of pigmentation of his skin and a diminution in capacity for work. Born 
at sea level, he made his first climb to 11,500 feet in 1906. He had severe 
symptoms of acute mountain sickness at that time and was compelled to 
return to sea level after a few days. In 1909 he went to 14,000 feet and be- 
came acclimatized. On one occasion 2 years later he had transient paresthe- 
sias in his extremities and made several errors in a series of mathematical 
calculations. These disturbances disappeared in a few hours and returned 
about once a year during the next .2 years. In 1913, he went down to sea 
level because of the tingling in his extremities and was relieved shortl}’’ 
after the descent. Four months later he returned to 14,000 feet and worked 
satisfactorily for the next 8 years at this altitude. In 1922, he sought 
medical advice because of a purple face, congestion of his conjunctiv£E and 
pharynx, vertigo and transient amblyopia. He returned to sea level and 
was promptly relieved. 

Physical Examination . lUien seen in 1923 his skin was deepl}'- pigmented 
and the mucous membranes were purple. The conjunctiva? were suffused. 
There was generalized dilatation of the superficial veins. The contour of 
the chest was not remarkable. The heart and lungs were normal. 

Partial Laboratory Data. Venous blood. R. B. C., 8.80 million per c.mm. 
W. B. C., 10,000 per c.mm.; Wassermann reaction, negative; non-protein- 
nitrogen, 30 mg. per 100 cc. Urinalysis. Albumin, absent; sugar, absent; 
sediment, normal. 

Course. In 1924, he was treated for pneumonia at sea level and made a 
satisfactory recovery. Sometime later he went up to 8,200 feet and lived 
there for the next 5 years without any inconvenience. 

Patient M. L. B., a married laborer, aged 48, was seen in 1926 complaining 
of headache, dizziness and weakness. Born at sea level, he went up to 15,400 
feet at the age of 12 where he lived and worked without sjmptoms until 
the age of 36. At that time he had shooting pain in his extremities wliich 
persisted for several months. He continued working for the next 4 years 
until he was compelled to go to bed because of the pain. At this time he 
thought that his purple color was deepening in intensity and he suffered 
from severe headache, vertigo and xisual cloudiness. In 1924, he went 
do^vn to 8,200 feet, remained there for several months and felt much better. 
When he returned to 15,400 feet all of his symptoms reappeared. 

Physical Examination. When .seen in 1926 the skin was deepb' pig- 
mented and the mucous membranes were purple. There was generalized 
vasodilatation. The conjunctiva; Avere suffused. The thorax Avas einpliy- 
seniatous in contour and the respiratorA' moA'ements Avere limitc|l. The 
heart Avas nonnal. The tip of the spleen AA-as palpable. There Avas clubbing 
of the fingers. 



634 TALBOTT, dill: clinical observations at high altitude 

Partial Laboratory Data. Venous blood. R.. B. C., 8.90 milli ng per 
c.mm.; W. _B. C., 11,200 per c.rom. Urinalysis. Albumin, absent; sugar, 
absent; sediment, normal. 

Course. As long as be remained at sea level his only sjmiptom was weak- 
ness. In 1927, he ascended to 12,100 feet at which altitude he had headache, 
pains in his extremities and visual cloudiness. Shortly after that he went 
to 14,800 feet and was able to perform light work mthout discomfort. 
Four montlis later he had precordial pain, substemal oppression and abdom- 
inal distress. His headaches were ver 3 '^ severe and he had marked asthenia. 
Late in 1927 he became stuporous and was taken down to sea level. On ex- 
amination at that time he had pulmonary edema. At sea level recovery 
was prompt and he went to work at that elevation. In 1928 against advice 
he returned to the mountains and shortty after complained of headache and 
vertigo. That night he lapsed into coma and was taken down to sea level. 
His pulse was 80, his blood pressure 90/40 and his respiratory rate 20. He 
recovered in 48 hours and 1 week later went to work at sea level where he 
continued without symptoms during the jnars following. 

CoAEMENT. Chronic mountain sickness may occur in either sex 
in the fourth, fifth or sixth decade of life. The onset of symptoms 
m ay be from 2 to 20 years after arrival in the highlands.^- These 
symptoms include hea dach e,' H dafsehe ssr ^norma a, weakne ss and 
pains in, the ^extremities. They are observed in persons previously 
in good health and presumably adequately acclimatized. The head- 
ache is occipital in location and does not radiate. It is unlike the . 
headache of acute mountain sickness which is localized to the vertex 
and most severe. If the headache of chronic mountain sickness is 
accompanied by A^ertigo and spots before the eyes, chronic nephritis 
may be suspected. Hoarseness may be intermittently severe and 
frequently progresses to transiehTAphoniST '"A' bra'ssjT’nbn-pfoduc- 
thm cough may accompanjTTlie^lafjargitis. Dyspnea on exertion 
may be the only cardiac complaint. Frecordiarpaln, palpitat ion and 
tachycard ia are obser\'ed during acute exacerbations only. The 
anorexia of chronic mountain sickness is unusual and characteristic. 
Following a night’s rest the morning appetite is good and a sub- 
stantial breakfast may be the largest meal of the day. After the 
])atient is up and about the appetite diminishes and by noon no 
more than a light lunch is ingested. By mid-afternoon the anorexia 
may be complete and little or no food is taken during the remainder 
of the day. There may be alternate periods of constipation and 
diarrhea . There are no characteristic urinarj’- complaints. Ting ling, 
numbness and cram ps o f the extremities are observed frequently. 
Ih“spiIe~6r{lie humber~an3Teverity'of'the syihptbms, most patients 
are ambulatory and during an acute cr isis only are they stup orous 
or comatose . 

On ‘phjskal examination the dusky cyanosis and pigmentation 
of the exposed parts are similar to those observed in most residents 
at high altitude. The dilatation of the superficial veins and tlie 
suffusion of the conjunctivae" sugpst erAdilireihia! In the patient 
seen by us the veins of *the"fuhdi wefe''dilated but no hemorrhages 
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or exudates were seen. , Inspection of the mouth and throat shows 
no abnormality other than a thick tongue and prominent pharyn- 
geal veins. The chest is emphysematous in contour, a characteristic 
of dwellers at high altitude. The diaphragmatic movements are 
decreased and breathing is usually abdominal or lower thoracic in 
type. During a remission the heart is not enlarged to percussion 
and there are no murmurs indicative of valvular heart disease or 
cardiac dilatation. The pulmonic second sound is louder than the 
aortic second and is reduplicated. Hy potepsio n is usually observed 
and when accompanied by weakness and pigmenfation of the skin, 
Addison’s disease may be suspected. In Monge’s series^^ spleno- 
megaly and hepatomegaly were observed in only 10% of the patients. 
In patients in whom the spleen is enlarged this enlargement is 
slight and does not reach the size observed in patients with ery- 
thremia. There is usually clubbing of the fingers. In our patient 
no characteristic changes from the normal were observed in the 
neurologic examination. 

The laboratory data are not unlike those obtained from asjunptom- 
atic subjects living in the mountains. The oxygen capacity at one 
examination in the patient T. V. de G. was 25.0 vol. %. The 
average for 10 temporary residents at the same altitude'^ was 23.1 
vol. %. The concentration of hemoglobin per liter of cells was 
unchanged from that observed in normals at sea level. The higher 
oxygen capacity of the blood of the control subjects living at 17,500 
feet is related to the higher altitude at which they were studied. 
In chronic mountain siclmess the red cell count may increase as the 
disease progresses but there is no direct correlation between the 
increased concentration of cells and the severity of the disease.'^ 
The amount of oxygen carried per cc. of arterial blood may be no 
greater than that carried at sea level but the oxygen tension is 
reduced. The carbon dioxid content of the arterial blood was above 
the concentration observed for the temporary residents at that 
altitude. The concentration of the other electrolytes in the serum 
showed nothing remarkable. The Avhite cell count rarely exceeds 
10,000 per c.mm. The results of the examination of the urine were 
negative. 

The differential diagnosis between chronic mountain siclmess and 
the diseases with which it may be confused must be broadly quali- 
fied. Chronic mountain sickness is a disease of high altitude and 
conditions similar to it are seen generally at or near sea level. There- 
fore, in the differential diagnosis chronic mountain sickness as 
observed above 10,000 feet will be compared with certain patho- 
logic conditions as observed at sea level. It will be obvious that 
many of the diseases discussed are associated with severe disturb- 
ances of the cardiorespiratory system which prevent an afflicted 
person from going into regions of decreased ox;s'gcn tension. Such 
a condition is pulmonary endarteritis obliterans (Ayerza’s disease). 
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In the terminal stage*"’ this may be accompanied by headache, dizzi- 
ness, deep cyanosis, clubbed fingers, reduplication of the pulmonic 
second sound, emphysema and polycjdhemia. In excluding this 
disease, the altitude at v’hich the patient is examined is important. 
It is doubtful if a person with a degree of pulmonary endarteritis 
severe enough to produce these symptoms could live above 10,600 
feet. A differential point in the laboratory data is the carbon dioxid 
content of arterial blood. In blood from a patient with the latter 
disease an increased carbon dioxid content is observed, while the 
blood from a patient in the highlands with chronic mountain sick- 
ness has a diminished carbon dioxid content. 

Congenital heart disease of the cj^anotic type (morbus caenileus), 
although infrequently seen, has many of the symptoms mentioned 
above in the several combinations. Again most patients with such 
' a malady neither live to adulthood nor are they able to live above 
10,000 feet and become acclimatized. The sjmdrome described by 
Fallot offers a possible exception to this statement. Persons vdtii 
this condition maydive longer than three decades'^ and may ascend 
to altitudes of several thousand feet. With the latter condition dis- 
turbances of vision, headache, dizziness, paresthesias and hypo- 
tension are not unusual. The important differential details are the 
history, the physical examination of the heart and the electrocardio- 
gram, which in most cases of the morbus caeruleus shows marked 
right axis de^^ation. 

Acquired heart disease is easier to exclude. A historj^ of rheuma- 
tic fever in young people, syphilis in patients in the middle decades 
and sjmiptoms of hypertensive or arteriosclerotic heart disease in 
the older age groups are useful. A deep cyanosis is observed infre- 
quently in acquired heart disease except with a failing heart while 
cyanosis is characteristic of chronic mountain, sickness without 
decompensation. 

Chronic nephritis may be suspected when a patient has headache, 
spots before the eyes, anorexia and weakness. The hypotension, 
absence of anemia and edema, and the presence of cyanosis with 
the normal urinary findings are helpful in excluding this condition. 

The greatest opportunity for confusion exists when erj'thremia 
(polycjdhemia vera) is suspected. This is especially so if one com- 
pares the latter as obsen^ed at sea level with chronic mountain 
sickness as obsers'ed above 12,000 feet. But even with this qualifi- 
cation the two diseases may be distinguished readily. In erj^threinia 
hyqiotension is rarely observed and more tlian 50% of the patients 
have hypertension.*® Splenomegaly and hepatomegaly are found 
m a large percentage of patients witli epdhremia*® and in a minority 
of patients with chronic mountain sickness. Laboratory' studies 
are of further aid. At sea level ery'thremia is not accompanied by 
decreased saturation of arterial blood,*’-*® although the appearance 
of the patient suggests the presence of cyanosis. Alany patients 
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with this condition have either a leukocj'tosis or a leukemic blood 
pictured® A normal concentration of white blood cells is found in 
patients with chronic mountain sickness. These conditions may be 
further differentiated by their response to increased oxygen pressure. 
Patients with erjdhremia have shovm neither S 3 '^mptomatic improve- 
ment nor a decreased oxj^gen capacitj^ of the blood following oxj'^gen 
therapj’- for as long a period as 2 weeks.®® On the other hand prompt 
alleviation of symptoms following descent to a lower altitude is 
characteristic of chronic mountain sickness. Accompanjdng this 
improvement there is a decrease in the red cell count and the oxj^gen 
capacity of the blood. The depth of the descent necessarj^ to cause 
improvement is a function of the severity of the disease. In patients 
with mild symptoms alle^^ation maj'^ follow' a descent of onh’^ a few 
thousand feet wdiile in others it is necessarj’- to go down to sea level 
for relief. 

The loathogenesis of chronic mountain sickness is not known. The 
high concentration of circulating hemoglobin in these patients 
attracts one’s interest but this is probablj'^ a phj^siological response. 
All of the normal subjects discussed in this study had an increased 
concentration of red blood cells and an elevation of the oxj'gen 
capacity of the blood but did not have sjanptoms W'hich are thought 
to be pathognomonic of this disease. It is significant that 3 of the 
w'orkmen lived for more than 12 j^^ars above 17,000 feet w'ith an 
oxygen capacity of the blood presumably above 29 vol. %. The 
frequent occurrence of an increase in hemoglobin in the blood of 
residents at high altitude suggests that this increase j)or se is not 
responsible for the symptoms infrequently observed. Associated 
wdth the increase in hemoglobin is the decreased saturation of arterial 
blood. We can assume with moderate certainty' that individuals 
maj'- live for more than 10 j'ears with an arterial saturation of ox.vgen 
below" 80% meanwdnle enjojdng good health. Be^mnd this w'e have 
little information. It is possible that 20 or 30 years of an unsatura- 
tion of arterial blood of this degree may produce pathologic changes 
in the bodj'. There is little evidence that anj^one is immune to 
chronic mountain sickness provided he lives at a sufficienth- high 
altitude for a sufficient!}" long time. The general effect of prolonged 
anoxemia upon a health}" individual at sea level is not known. The 
effect of prolonged anoxemia upon the concentration of hemoglobin 
per liter of cells in a patient with congenital heart disease is worth 
noting. Hitzenberger®^ reported an oxygen capacit}" of the blood 
of 35.2 vol. % and a cell A"olume of 75% in a 26-year-old patient 
w"ho had been cyanotic from birth. The oxygen saturation of tlie 
arterial blood was 62% . The absolute increase in circulating hemo- 
globin with a normal concentration of hemoglobin per liter of cells 
is a response similar to that observed at high altitude. The calai- 
lated oxygen tension in the tissues in this patient was 30 mm. Hg., 
approximately half that observed in a nonnal control. 
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As an explanation of the pathogenesis of chronic mountain sick- 
ness Monge has stressed the fact that there may be a low coefficient 
of diffusion of oxygen in the lungs of affected persons. Harrop^^ 
observed that in acute mountain sickness a low coefficient was 
characteristic. Whether or not. a similar phenomenon may be 
observed in chronic mountain sickness is not known. If this were 
the correct explanation it would account for the varying suscep- 
tibility of individuals. It fails, however, to account for the long 
interval between arrival in the mountains and the onset of sjonp- 
toms and for the prompt relief afforded by a descent of a few thous- 
and feet. 

The dilatation of the veins of the pharynx and the stomach are 
responsible probably for the symptoms of hoarseness and anorexia 
respectively. The hj^potension is presumably a function of the 
generalized vasodilatation. 

Another biologic factor which may exert an influence at high 
altitude is radiation. The peculiarity of its effect proceeds essentially 
from the abundance of ultra-violet rays. The known effect of these 
rays on tlie skin are erythema, pigmentation and inflammation. 
It is possible that prolonged exposure exerts a pathologic effect 
on the internal organs as well. 

The tr.eatment of chronic mountain sickness is the descent to a 
lower altitude. Acute exacerbations may be relieved temporarily 
by oxygen mhalation. When permanent residence is taken up at a 
lower altitude symptoms are alleviated for months or years. At 
sea level the cure is presumably permanent. Monge observed 1 
patient without symptoms during a 10-year period at sea level. 

Conclusions. The justification for presenting the syndrome of 
chronic mountain siclmess as a disease entity is twofold. The 
environment, symptomatology, physical examination and laboratory 
data are distinct and in their totality are unlike any other disease. 
Secondly, the syndrome represents more than the physiologic 
response to high altitude. The disease is associated with prolonged 
anoxemia but the role that this plays in the pathogenesis is uncertain. 
A low coefficient of diffusion of oxygen has been proposed as the 
etiologic agent but this is not proven. The disease is similar in 
many respects to eiythremia but certain fundamental differences 
have been pointed out. Chronic mountain sickness is a progressive 
disease which manifests a remarkable recovery under increased 
oxygen pressure. 

We are grateful to Dr. P. D. White for many helpful suggestions in the preparation 
of the manuscript. 
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THEVETIN IN THYROTOXICOSIS. 

By Thomas B. Noble, Jr., M.D., 

VISITING SURGEON, ST. VINCENT AND METHODIST HOSPITALS; CONSULTING STAFF, 

CITY HOSPITAL, 

AND 

K. K. CiiEN, Pii.D., M.D., 

DIRECTOR OF PHARMACOLOGIC RESEARCH, LILLY RESEARCH LABORATORIES, 

INDIANAPOLIS, IND, 

Tachycardia is one of the cardinal signs of hyperthyroidism. 
The pulse rate in these cases remains fast even in hours of sleep,* 
and the acceleration appears to correlate with the elevation of meta- 
bolic rate.- Digitalis is useless in thyrotoxic tachycardia unless 
there is an accompaniment of cardiac failure.^ lodin preparations 
such as Lugol’s solution often reduce both the metabolic and the 
pulse rates,** but occasionally the lowering of the metabolic rate 
is not coupled with a decrease in pulse rate. The persistent fast 
rate thus constitutes a surgieal risk which cannot be readily minim- 
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ized. In their first clinical report, Arnold, Middleton, and Chen^ 
included the results with thevetin in- a case of thyrotoxic heart 
disease. The new cardiac drug, given by mouth, adequately con- 
trolled the signs of decompensation. In view of the fact that a 
physiologic unit of thevetin appears to be more efficient than an 
equivalent unit of digitalis in slowing the pulse rate,® it was thought 
it might be of interest to try it in tliyrotoxicosis with the chief aim 
of reducing the, pulse rate. 



Fig. 1 . — Action of Thevetin in Experimental Hyperthyroidism. Cat 1388, male, 
weight 2.S98 kg., was given by mouth 5 doses of desiccated thyroid gland, U. S. P., 
60 mg. per kg. in a week's time. A 1 to 20,000 solution of thevetin was then injected 
intravenously at the rate of.l cc. per minute. Electrocardiograms wore taken from 
Load II under ether anesthesia, before and after the thyroid medication and during 
the injection of thevetin. A, Normal electrocardiogram. Sinus rate, 173 per minute: 
P-R 0.09 second. B, Electrocardiogram after thyroid therapy. Sinus rate, 240 per 
minute, an increase of 67 beats over the normal. P-R O.OS second. C, Electrocardio- 
gram after 0.44 mg. of thevetin per kg. had been injected. Sinus rate, 16S per minute, 
a decrease of 72 beats. P-R was prolonged to 0.19 second. D, Electrocardiogram 
after 0.47 mg. of thevetin per kg. had been administered. Notice the premature 
beats. Auricular rate, 165 per minute; ventricular rate irregular, approximately 
120 per minute, a reduction of 50%. 


Before this point was put to test clinically, experiments were 
carried out in cats in which hyperthyroidism was induced by feeding 
desiccated thyroid gland. When tachycardia became significant, 
thevetin Avas sloAvly injected under ether anesthesia. An example 
of the results is given in Fig. 1. It should he noted that thevetin 
effectively produced a diminution of the heart rate. 

A series of 22 consecutive cases of hyperthyroidism^ was then 
studied ivith thevetin. As shoAvn in Table 1, 16 patients vere 
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Table 1. — The Effect of Thevetin on the Pulse Rate in Thyrotoxicosis. 





1 

Thevetin therapy. 

Average pulse rate. 

Case 

No. 

Sex. 

ige. 

Pulse at 
first visit, 

Time 

Dose, 

Before 

After 

At the 
time of 
discharge, 
per min. 



per min. 

(relative to 
operation). 

cat 

units. 

thevetin, 
per min. 

thevetin, 
per min. 

1 

M 

23 

100 

Immediatolj’' 

9 

120 

85 

72 





before 


. 



2 

M 

57 

120-130 

Immediately 

3 

no 

98 

72-80 





before 





.3 

F 

39 

120 

Immediately 

3 

120 

90-100 

80 ' 





before 





4 

F 

25 

100 

After 

3 

120 

82-88 

Below- 









100 

5 

F 

25 

120 

Before 

4.5 

120 

94 

80 

0 

F 

23 

120 

Immediately 

3 

100 

80 

70-8C 





before 





7 

F 

50 

96 

Immediately 

3 

130 

100 

Below 90 





before 





8 

F 

32 

120 

Before 

3 every 

120 

Below 

70 






other day 


100 


9 

M 

25 

110-120 

Immediately 

3 

12^132 

120-130 

70-80 





before 





10 

F 

30 

140 

Before 

3 

108 

80 






Immediately 

3 

140 

94 






before 

After 

3 

130 

lOS 

110-100 

11 

M 

53 

100 

Immediately 

G 

112 

88 ■ 






before 

After 

3 

124 

90-100 

90 

or below 

12 

F 

34 

104 

Immediately 

3 

104 

90-100 

SO 





before 





13 

F 

35 

140 

Immediately 

C 

1.32 

72-108 






before 

After 

3 

100 

G2-92 

SO 

14 

F 

37 

lOS 

Immediately 

G 

120 

80 

80-100 





before 





15 

F 

CO 

88 ' 

After 

3 

120 

no 






After 

3 

no 

72-80 

72-80 

IG 

F 

54 

150 

Immediately 

0 

150 

150 

♦ 





before 





17 

F 

45 

120 

! Immediately 

3 

100 

1.32 






1 before 

! After 

6 

ICO 

90-130 

SO 

IS 

F 

25 

120 

i After 

3 

120-130 

100 

t 





1 

1 

semiwcekly 
for G avks. 


or less 


19 

F 

35 

105 

; Before 

3 

120 

100-110 

SO-SO 





1 

everj* 4 hrs. 




20 

F 

38 

120 

Immediately 


120 

100 

Below 





' before 




100 

21 

M 

22 

120 

; Immediately 

3 

104 

112-114 

72-SO 


1 

1 


J before 





22 

1 M 

1 

j 

1 35 

SO? 

! 

i After 

} 

3 

112 

9G 

90 


* The patient died 0 days .after ojieration. 
t Treated at home. 
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female, and 6 male. Their ages ranged from 22 to 60. The financial 
status of the majority of the patients was such that only a short 
period of hospitalization was permitted. As a rule, they were 
advised to go to bed as soon as the diagnosis was established. 
Lugol’s solution was administered in the dosage of 10 to 15 drops 
3 times a day. They remained in bed for 1 to 2 weeks or longer, 
until they were cautiously transferred to the hospital. Metabolic 
rate was measured in a few patients who could easily stand the 
strain, but omitted in others who were comparatively more irritable. 
In every case, thyroidectomy was performed 1 to 12, on the average 
4, days after admission. With the exception of 2, 20 patients were 
discharged from the hospital 6 to 11 days after the operation. 
Thevetin was injected by vein usually immediately before the incis- 
ion, ' but occasionally during the pre-operative or, postoperative 
stages. The pulse rate was counted frequentbL both before and 
after the injections. The oral route of administering thevetin was 
tried in a few cases but was abandoned on account of its absence of 
response in the amounts employed. 

The results in Table 1 indicate that in 18 cases thevetin caused 
a definite drop of pulse rate, varying from 10 to 52 per minute. 
This diminution, which appeared a- few minutes after the injection, 
was particularly gratifying to the surgeon and the anesthetist during 
the operation, for in several patients prolonged anesthesia, extensive 
manipulation, and considerable loss of blood did not bring about an 
acceleration of the heart rate. The pulse reduction persisted in half 
of the cases, but in the other half, there was a return of tachycardia 
sei^'eral hours after the operation. Hepetition of thevetin therapy in 
the latter, however, assisted in restoring a rate well below the arbi- 
trarily chosen limit of 100. The administration of thevetin in the 
pre-operative stage was also followed by a drop in the heart rate, 
but tachycardia often began to return 5 to 6 hours after the injection, 
so that repeated doses were necessary in order to subdue the cardiac 
activity continuously. The most beneficial eft’ect of thevetin was 
undoubtedly obtained during thyroidectomy by reducing the sur- 
gical risk of cardiac mishap. The reduction in heart rate with 6 to 9 
cat units of thevetin was relatively greater than that with 3 cat 
units, although occasional extrasystoles were observed with the 
larger doses. No accumidative effect had been noted from even 
larger doses. 

For illustration of the successive use of thevetin the following 
ease may be briefly cited: 


Case 13.— Mrs. D., aged 35, complained of nervousness and restlessness. 
Her family and past historj’- was unimportant. On examination on June G, 
1935, she showed fine tremor of hands, e.\-ophthalmos, and moderate en- 
largement of the thyroid gland. Her pulse was 140 per minute. The diag- 
nosis of exophthalmic goiter was obvious. _ She was advised to go to tieu 
at once and remain there. Lugol’s solution was prescribed, lo drops ^ 
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times a day. On June 18, 1935, she was. admitted to St. Vincent Hospital, 
at -which time her pulse rate -was the same, that is, 140 per minute. On 
June 22, 1935, the patient -was taken quietly to the operating room. Her 
pulse rate then was 132 per minute. Follo-ning an intravenous injection 
of 6 cat units of thevetin, it dropped to lOS. Under ethylene anesthesia, 
the right lobe, isthmus, and part of the left lobe of the thyroid gland were 
removed. There was a gradual reduction in the heart rate. It was 80 per 
minute 3 hours, and 72 per minute 6 hours, after the operation. At the 
end of 24 hours, it rose to 100, but upon the administration of 3 cat units 
of thevetin, it fell to 92. Twelve hours later, an additional dose of thevetin 
was injected. Forty-eight hours after the operation, the pulse rate_ was 
found to be 62 with occasional extrasystoles. No more thevetin was given. 
The patient was discharged on June 28, 1935, with a pulse rate vithin 80 
per minute. One month after the operation, her pulse rate was 100 per 
minute; 7 months after, it was found to bo 80 per minute. Her nervous 
sjnnptoms and exophthalmos had completely ^sappeared, and she had 
gained 10 pounds in weight. 

One patient (Case 8) had symptoms and signs of heart failure, 
such as, edema, dj'^spnea, etc. The administration of thevetin 
promptly brought about relief during the pre-operative period. 
The high efficacy of thevetin as a cardiac drug should be specially 
indicated in hyperthyroidism with myocardial damage. Similarly, 
it should be tried in auricular fibrillation complicating thyrotoxicosis. 

The response of 2 cases (Nos. 9 and 16) to conservative doses of 
thevetin was very slight or nil during the operation, 1 of which 
(Case 16) was in a highly toxic state, the pulse rate ran constantly 
at 1 50 per minute. This patient died of postoperative crisis. In 2 
other cases (Nos. 17 and 21) thevetin failed to forestall the accelera- 
tion of heart rate at operation, although a dose of 6 cat units in 
1 case (No. 17) produced a drop of pulse rate postoperatively. 

Summary. Thevetin injected intravenousl}’’ in the dosage of 3 to 
9 cat units, successfully diminished the heart rate in 18 out of 22 
cases of thyrotoxicosis, but failed in the remaining 4. 

The drug is most useful during the operation for the reduction 
of surgical risk by subduing the operative cardiac hyperactivity, 
and it is also helpful during the pre- and postoperative .stages in 
lowering the pulse rate temporarily as desired. Consequently, 
hospitalization can be satisfactorily shortened by the elimination 
or reduction of tachycardia during pre- and postoperative stages. 

In the presence of cardiac failure accompanying hyperthju'oidism, 
the administration of thevetin is an important pre-operative meas- 
ure and for postoperative safety. 
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NOTE ON THE USE OF EVIPAL (N-METHYLCYCLOHEXENYL- 

METHYL BARBITURIC ACID) IN CORONARY OCCLUSION. 

By Sidney Hirsch, M.D., 

SEmOE CLINICAL ASSISTANT, MT. SINAI SCBGICAL OUT-PATIENT DEPARTMENT, 

NEW YORK. CITY. 

It is the consensus of intelligent medical opinion that relief from 
pain and absolute rest are essential in treating coronary occlusion; 
that somnolence for the first 24 to 48 hours or more after an acute 
closure is very desirable to eliminate the anxiety accompanjdng the 
severe precordial and arm pain. It is for patients who have not 
been relieved by the vasodilators (nitroglycerin, amyl nitrite, 
aminophylliii) ; the common narcotics (morphia, dilaudid, pantopon, 
codein); or the use of caffein sodiobenzoate and phlebotomy; that I 
wish to recommend the use of Evipal. In the case described below 
I am convinced that death would have ensued without it. 

Case Report. A. S., aged 71, white male, with a completely negative 
previous history, awakened on Februarj'^ 8, 1936, with moderate precordial 
pain radiating to the left shoulder and to the back of the left arm. This 
pain gradually increased in severity so that medical attendance was sought. 
Nitrogtycerin under the tongue immediately gave some relief but complete 
relief was obtained only after morphin (gr. y) was given. Physical examina- 
tion was negative, except for a temperature of 100 and a pulse of 96. Blood 
pressure was 150/90. Convalescence was uneventful until 36 hours later. 
During this inten’^al the patient was recemng luminal and anoinophyllin 
and remained absolutely in bed. At the end of 36 hours the pain returned 
ulth excruciating severity. The radiation was the same. Nitroglycerin 
and amyl nitrite were given without relief. Morphin sulphate (gr. -J) 
was given and repeated in 20 minutes when patient began thrashing about 
in bed because of tbe severity of the pain. He became quite cyanotic. The 
pulse rose to 140 and lost some of its volume. His anxiety and fear of death 
were overwhelming. A phlebotomy of 300 cc. gave no improvement. E\d- 
pal 10% was started intravenously. After 1 cc. the patient was drowsy; 
after 2 cc. he was asleep; 4 cc. -were given in all. He remained asleep for 
15 minutes with easy regular breathing. On awakening he had only a dull 
precordial ache. The severe pain and meruTought anxiety were gone. 
He was then kept somnolent with the usual sedatives. A definite pericardial 
friction rub appeared 12 hours later, confirming the diagnosis. He is making 
an uneventful convalescence. 

Evipal is described by its manufacturers, the Winthrop Chemical 
Company, as an “intravenous anesthetic.” It is supplied as a 
powder in ampules of 0.5 gni. and 1 gm., and is prepared shortly 
before use by the addition of distilled water to make a 10% solution. 
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ATABRINE PIGMENTATION, 

By ABRAHAa’l J. SCHECIITER, M.D., 
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AND 
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The antimalarial drug atabrine (atebrin) has been used with very 
favorable results both in this country®-® and abroadd'^ The in- 
creasing popularity of the drug however, because of a secondary 
effect, namely, yellow pigmentation of the skin, has introduced a 
new and confusing factor into the differential diagnosis of conditions 
that are characterized by skin color changes. Frequently a patient 
who has been treated for malaria develops, or still suffers, from some 
other condition for which he consults a physician several weeks 
later. A yellow discoloration of the skin may be present, and, not 
aware of the possibility of atabrine pigmentation, the physician 
may believe that he is dealing with, usually, jaundice. The exist- 
ence of postmalarial cirrhosis is doubtful and the hypertrophic 
malarial hepatitis that may occur in long-standing cases causes no 
characteristic clinical sjTnptoms.^®-*^ During the course of malaria a 
hematogenous and perhaps a hepatogenous discolorat4on of the 
skin may occur in the hemoglobinuric form of the disease, but a 
yellow skin cannot ordinarily be regarded as a malarial sequela. 
Some other explanation for postmalarial skin discoloration must 
be sought, either in a disease process that is unrelated to malaria, 
or to the deposition of a dye. It is our purpose to describe the tem- 
porary skin discoloration of atabrine, and the means of avoiding 
diagnostic errors with regard to its recognition. 

Atabrine is an acridin dye derivative, chemically related to plas- 
mochin and to acriflavin. It is administered by mouth in yellow 
tablets of 0.1 gm. each, 3 times daily for 5 days, although it is occa- 
sionally given intravenously. A new soluble compound, ataljrine 
musonate,’® has recently been introduced and is said to be rapidly 
effective in small doses given intramuscularly. Parenteral adminis- 
tration, however, does not eliminate the possibility of pigmentation. 

The yellow discoloration of the skin by atabrine is diffuse and most 
prominent on the dorsum of the arms, hands, and feet. It is also 
clearly seen on the forehead and face, and may form a golden ring 
around the mouth. It is accentuated in the intcrdigital skin folds, 
neck creases, under the breasts, etc. The palate may seem to show 
pigmentation at times but is unreliable as a diagnostic index. 
The rest of the skin is but slightly afi'ected. The hue varies with the 
intensity of the pigmentation and with the basic color of the patient’s 
skin. It may be greenish, lemon, or golden-yellow, but in any case 



646 SCHECHTER, TATLORt ATABRINE PIGMENTATION 

a strong yellow component is clearly evident. There is no dermatitis 
or change in the texture of the skin. Contrary to descriptions given 
by other observers, we have failed to see any significant degree 
'of discoloration in the sclerm; in fact, we have found this a useful 
point in distinguishing the condition from jaundice. 

In a person who is pale to start with, one might at first glance 
suspect pernicious anemia. In a darker skin, the pigmentation may 
give the impression of mild jaundice. The yellow pigmentation of 
carotinemia may be a source of confusion since here too the sclerce 
are generally not stained, but the dermal pigmentation affects the 
ventral surfaces of- the hands and feet most characteristically. 
Other conditions that may be thought of are Addison’s disease, 
subacute bacterial endocarditis, yellow fever, or pigmentation from 
picric acid as occurs in TNT workers. 

Some patients remember having had nausea or lower abdominal 
cramps early in the course of the treatment. In others the cramps 
may not appear until 2 or more weeks after the treatment is over, 
and in fact, may be the presenting symptom on hospital admis- 
sion.i'^’'^ In cases of vague lower abdominal pain not otherwise 
explained, the solution may lie in the knowledge that atabrine had 
been taken some weeks before, even though no pigmentation per- 
sists, or, as in negroes, where pigmentation cannot be detected. 

There can be no doubt that the pigmentation is due to deposition 
of the dye in the skin, and not to a secondary metabolic disturbance. 
Working with laboratory’- animals, Hecht*® found by fluorescence 
exhibited under ultraviolet light that the dye appeared in the skin 
36 hours after peroral administration. Various observers^^-*®-^® 
have reported impairment of liver function in the majority of un- 
treated malarial patients. There is no evidence that such impair- 
ment is enlianced by atabrine. Rugq,'® in fact, has shovm that chemi- 
cal and liver function tests which point to hepatic damage in acute 
malaria return to normal under atabrine trea-tment. DeLangen and 
Storm"® have compared quinin, plasmochin and atabrine and point 
out that plasmochin, which does not cause pigmentation, very'- often 
causes hepatic damage, that quinin never does, and that atabrine 
does so onlyr rarely and then in cases of malnutrition where the 
liver is poorly fortified with glycogen. 

Factors which have been thought to be contributory’ causes of 
pigmentation, especially when it is prolonged, are renal insuffi- 
ciency,®’^® constipation, influenza, exhaustion associated with inter- 
current infection, and anemia.®' Hecht'® has demonstrated that 
after inge-stion the dye is absorbed in the small intestine and that 
much is passed back with the bile to the bowel where some reab- 
sorjrtion takes place. Tropp and Weise have shown that e.xcretion, 
which is very’ slow at best, is divided about equally between urine 
and stool. It is conceivable that in constipation a greater than 
usual reabsorption of the dye takes place, and hence more becomes 
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available for deposition in peripheral areas. We are inclined to 
believe that anemia plays a role. In 2' cases, when the hemoglobin 
content was considerably raised, either by transfusions or hematinics, 
the excretion of atabrine in the urine increased very noticeably. 
Although blood studies thus far, by Hecht,^® and by us, have failed 
to show satisfactorily how atabrine is partitioned between cells and 
plasma, we suspect that the drug is carried in or on the red blood 
cells, as is thought to be the case with quinin. When there is a 
paucity of cells available for such transfer, the dye remains for a 
longer time in the various depots, among which is the skin. 

Pigmentation following the use of atabrine is to be expected in 
many of the cases treated, especially when excretion of the dye 
does not begin within 3 days after the first dose. This, however, 
is said to vanish in not more than 2 or 3 weeks’-^’^'* although urinary 
excretion continues for from 4 to 10 weeks as a rule. No reports 
of cases with prolonged pigmentation have come to our notice 
except the recent paper by Soni,-^ in which 2 cases are reported from 
India. The pigmentation lasted a month in 1 instance and about 
3 months in the other.. 

During the past 5 months we have had the opportunity of seeing 
8 instances of prolonged atabrine pigmentation. These were ad- 
mitted with complaints unrelated to malaria, but they incidentally 
presented a yellow pigmentation of the skin the significance of 
which was not appreciated by the attending physicians until it was 
ascertained that the patient had been treated for malaria some weeks 
before. Four cases showed the discoloration 6 weeks after the final 
dose, one 8 weeks, one 16 weeks, and two 18 weeks after the last tablet 
was taken. One patient, however, took 3 courses of atabrine in the 
space of 2 months on her own initiative. We saw another patient 
1 week after the last dose of a second course which was taken 5 
weeks after the first. This patient showed only very minimal pig- 
mentation on the dorsum of the hands and feet. 

Diagnosis. If it is elicited that three somewhat bitter, yellow 
tablets were taken each day for 5 days for malaria , it is very likely 
that those tablets were atabrine. Plasmochin tablets are also yellow 
but are not bitter, and they are usually given with or after a quinin 
course for a period of longer than 5 days. There is nothing par- 
ticularly distinctive or constant about tlie pigmentation itself that 
makes it proof against confusion with other causes of discoloration. 
The distribution and range of shade described above may be said 
to be suggestive of atabrine pigmentation but scarcely more than 
that is warranted. Tests for Inqierbilirubinemia should, of course, 
be carried out to avoid confusing those cases in which jaundice 
and atabrine pigmentation, may appear concurrently. Atabrine 
causes no spectroscopic changes in the blood, nor does it have its 
ovai characteri.stic absorption bands in the visible spectrum. 

The tests for atabrine in the urine are simple, quick, and quite 
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reliable. A physician having access to the ordinary laboratorj" 
equipment should be able to detect atabrine even if only 0.02 mg. 
is present in the urine. The following is a procedure which we have 
modified in several respects from Tropp and Weise.^- 

Test. One hundred cc. of urine in a separatory funnel is made strongly 
alkalin with 10 to 15 cc. of 30 % sodium hydroxid. Add 50 cc. of ether and 
shake for | minute. On standing, the ether rises to the top. If the presence 
of a gelatinous material prevents a clear line of separation, allow most of 
the urine to run off, add 4 to 5 cc. of 95% alcohol, and shake again for a few 
seconds. Run the underlying urine layer off. Wash the ether extract by 
adding 50 cc. of water slightly alkalinized with sodium hydroxid and shaking. 
After separation of the layers, the wash water is run off. Now add 5 cc. of 
10 % hydrochloric acid to the remaining ether extract, shake for | minute 
and after separation of the layers, run the acid extract (lower layer) into 
a small narrow test tube. If the concentration of atabrine is high, the acid 
extract vdll appear green in ordinary light. If it seems colorless, examine 
the tube in a dark room against a black background in a beam of very 
strong light coming from the side. A green fluorescence indicates atabrine. 
If no such light is available, the tube may be viewed in the dark, from the 
side, with a strong light, as from a good pocket light or electric battery 
otoscope, illuminating it from below. On moving the light from side to 
side underneath the tube, a vertical or oblique beam of green fluorescence 
will be seen. In order to prevent dispersion of light from dust particles 
on the outside of the tube which might prevent a small degree of fluorescence 
froin being visible, dip the tube into amyl alcohol, mineral oil, or liquid of 
similar consistenc}'’ before examining for fluorescence. In the absence of a 
separatory funnel, an 8-ounce stoppered bottle may be used. _ Separation 
of the layers can then be most completely effected by transferring the mix- 
ture to a tall narrow cylinder from which the upper layer may be poured. 

We have found that acriflavin in the urine can be detected in 
extremely small amounts by this procedure, but in contrast to the 
somewhat bluish-green flnorescence of atabrine, acriflavin has a 
yellow-green fluorescence. This exception to the specificity of the 
test for atabrine is not of practical importance, however, for acri- 
flavin is completely excreted in the course of a few days. 

The use of h^ydrochloric acid for extraction of the atabrine from 
the ether instead of the sulphuric acid recommended by Tropp and 
Weise, avoids the possibility of confusion due to the presence of 
quinin, quinidin, or even plasmochin, which in any but halogen 
acids give a royal blue fluorescence that can overshadow the green 
of atabrine. No confusion results from the presence in the urine 
of the coal tar derivatives, barbiturates, iron compounds, digitalis, 
strjmhnin, the opium alkaloids, phenolphthalein, bromids, the 
purins, bile or blood. Very small concentrations of atabrine can 
be detected by using larger amounts of urine when available, say 
500 cc., extracting with'2|Ho 250 cc. of ether, and finally with 8 to 
10 cc. dilute hvdrochloric acid. 

The test of Wats and Ghosh"^ is similar in principle to the above. 
Alkalinization is performed with potassium carbonate using 10 gm. 
to 100 cc. of urine, and extracting Avith amyl or isoamyl alcohol. 
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The extract has to be centrifuged to remove flocculent material 
and the clear supernatant fluid is examined in a small test tube in 
the usual way. The extract is very clear^ and the test possibly 
slightly more sensitive than the first mentioned, but not as con- 
venient. Contrary to the report of Wats and Ghosh, quinin, quini- 
din, plasmochin, acriflavin, or even urobilin may cause confusion. 
The test is probably better for quantitative purposes, colorimetric- 
ally, as described by Wats and Ghosh. 

Summary. The administration of atabrine, an effective anti- 
malarial drug, is frequently followed by a yellow pigmentation of the 
skip which may last from 1 to 4 months or longer, after the drug 
has been discontinued. 

The importance of the pigmentation lies not in any inherent body 
damage but in the diagnostic errors for which it may be responsible. 

The diagnosis of atabrine pigmentation can be made by evalua- 
tion of the history of the patient, particularly with respect to pre- 
vious antimalarial therapy, by study of the distribution of the pig- 
mentation, and by application of one of the tests for detecting ata- 
brine in the urine, as above described. 

Grateful acknowledgment is made to Dr. W. A. Perlzweig and to Dr. F. M. Hanes 
for valuable criticism of the manuscript. 
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The diagnosis and management of localized radiculitis and neu- 
ritis is often difficult for the clinician and in many ways trying to 
the patient. Multiple radiculitis and multiple neuritis are, in the 
majority of cases, easy to diagnose: the widespread and usually 
symmetrical distribution of the sensory and motor manifestations 
indicate a systemic invasion by some infection, exogenous or endo- 
genous poison, a deficiency state, or an extensive arthritis of the 
vertebral column. In localized radiculitis and neuritis the diagnosis 
is difficult for two reasons: it is often difficult to ascertain the 
structures involved, and it is usually even more difficult to make an 
etiological diagnosis. 

Localized Radiculitis. Localized radiculitis may be caused by 
inflammatory or traumatic (pressure) lesions of the sensory or motor 
roots in the subarachnoid space, in the osseous intervertebral canals, 
and in their distal course to form plexuses or peripheral nerves. 
It must be borne in mind, however, that the sensory and motor 
symptoms are segmental (radicular) and not peripheral in distribu- 
tion. 

The sensory are the more common and conspicuous of the sjrmp- 
toms, with pain a constant feature. The pain may come on slowly 
or rapidly; it may be dull, sharp, shooting or lancinating; it may be 
constant or paroxj-snial. Coughing and sneezing, as a rule, precipi- 
tate or intensify tiie pain, especially if the roots are intravertebrally 
implicated. The pain is often preceded, accompanied or followed 
by paresthesias or dysesthesias. There is usually some hyper- 

* Presented at the Meeting of the American College of Physicians at the Graduate 
Hospital, Philadelphia, May 2, 1935. 
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esthesia and hyperalgesia of the skin innervated by the involved 
roots, although the objective sensory disturbances may be minimal 
owing to the sensory overlapping. In severe and long standing 
cases there is an implication of deep sensibility manifested by loss 
of sense of position and ataxia. Tenderness over the nerve trunks 
is unusual, but Lasegue’s sign is commonly observed and muscle 
activity frequently causes considerable discomfort. 

When the motor roots are involved there is weakness, atrophy and 
changes in electrical reaction. Here, too, the distribution is seg- 
mental (radicular) and not peripheral, and for this reason the mus- 
cular weakness is partial. Trophic and vasomotor changes may 
occur, but are infrequent and herpes zoster may occur when the 
posterior spinal ganglion is implicated. Horner’s syndrome (ptosis, 
miosis and enophthalmos) is observed when the eighth cervical 
and the first dorsal roots are involved. 

Interesting spinal fluid changes have been observed in some cases 
of radiculitis. According to Feiling,^ when the roots are implicated 
in the subarachnoid space, the spinal fluid shows a lymphocytosis. 
If the root is involved in the intervertebral canal (funiculitis) the 
spinal fluid shows an increase in albumin without lymphocytosis. 

The etiologic diagnosis is the more difficult since radiculitis is 
rarely a primary or independent disease. Among the possible 
causes should be considered: extramedullary tumors of the spinal 
cord involving the root before it enters the intervertebral canal; 
meningitis of syphilitic, tuberculous or some other infectious origin; 
osseous diseases of the spine such as spondylitis (Gunther and Samp- 
son^), tuberculosis, malignancy, trauma, or some extravertebral 
disease which affects the roots. Radiculitis may be the earliest 
or a prolonged expression of many of the above mentioned pathologic 
processes. In epidemic encephalitis radicular forms with neuralgic 
pains and clonic contractions of the muscles have been observed. 
Radiculitis also occurs in association with the primary infectious 
diffuse neuritis of Guillain and Barre^ and as a part of a m3^elo- 
radiculopolyneuritis as reported bj”^ Strauss and Rabiner;^ and 
Sands.® 

Generali}" speaking the etiologic diagnosis of radiculitis requires 
investigation for sjqihilis, tuberculosis or neoplastic disease, and 
each case should have a Roentgen raj" of the region suspected as 
well as a lumbar ])uncture for pressure readings and spinal fluid 
studies. Failure to carrj" out such investigations will ofttimes lead 
to grief, both to the patient and the pln'sician. It is likewise neces- 
sary to stress the necessitj- for repeated examinations and investi- 
gations. 

In common with tabes, radiculitis of the lumbosacral region has 
ataxia of the lower limbs, Romberg’s sign, diminution or loss of knee 
and Achilles reflexes and loss of deep sensibilitv. As a matter of 
fact, tabes is a radiculitis. The differential diagnosis of tabes de- 
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pends upon the finding of Argyll Eobertson pupils and the serologic 
evidences of syphilis in the blood and spinal fluid. . 

Spinal cord tumors, especially of the extramedullary types, often 
begin with evidences of radiculitis. The eventual appearance of 
spinal cord symptoms and in particular a partial Brown-Sequard 
syndrome, with evidences of spinal subarachnoid block on lumbar 
puncture or campiodol injection, makes an early diagnosis possible 
in the majority of cases. 

Myeloradiculitis or myeloradiculoneuritis (Strauss and Eabiner)^ 
occurs in young people and begins with an infection of the upper 
respiratory tract followed by the development of paralysis of the 
lower limbs with loss of tendon and skin reflexes, sphincter disturb- 
ances and subjective as well as objective disturbances in radicular 
distribution. The spinal fluid shows an increase in protein but little 
increase in cell count. The blood shows a slight leukocytosis. Re- 
covery is rapid and complete. Sands® regards these cases as belong- 
ing to the categorj’^ of atypical epidemic encephalitis. 

Osseous disease about the vertebral column is readily detected 
by Rdentgen studies of the spine in anteroposterior and lateral views. 

Pelvic tumors such as retroperitoneal sarcomas may cause radicu- 
litis as has been frequently observed. Repeated rectal (and vaginal) 
examinations should be made in any case of radiculitis affecting the - 
lower extremities. Superior sulcus tumors (Pancoast)® may cause 
radiculitis of the upper extremities, and therefore, Roentgen ray 
studies of the lungs should be made in every such case as well as in 
every other case of radiculitis and neuritis when malignancy in any 
region is suspected. 

Focal infection plays a doubtful r61e in the etiology of localized 
radiculitis. Only when all the other causes mentioned have been 
ruled out may one consider radiculitis to be due to some focal infec- 
tion. Lastly, there are idiopathic cases in which no satisfactory 
cause can be found. 

Treatment. Foremost in therapeutic importance is the finding 
of the underlying cause and its elimination. For the relief of pain 
in most cases, local applications of heat and diathermy should be 
tried or hot and cold packs may be applied. Such analgesics as 
acetylsalicylic acid, gr. v or x and amidopyrin, gr. v may be tried, 
but in severe cases codein and morphin are required. Foreign pro- 
tein therapy (mixed tjqphoid vaccine, aolan) may afford relief in 
some cases and in others a lumbar puncture will sometimes alleviate 
a severe attack. In the most severe a'nd persistent cases considera- 
tion of section of the posterior roots or chordotomy may be neces- 
sary. Ratera'’ has reported favorable results from Roentgen ray 
treatment. 

Localized Neuritis. Localized neuritis may be caused by direct 
trauma or pressure, by exposure to excessive cold (refrigeration), 
by extension of disease from adjacent structures, by exogenous and 
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endogenous poisons and by focal infections. Ofttimes no cause 
can be found. 

Syviptoms. The symptoms of simple neuritis varj^ with the cause 
and location of the disease but show somewhat common neurologic 
manifestations. There are sensory, motor, trophic, vegetative, 
reflex and electrical manifestations. The onset may be sudden or 
gradual, depending upon the cause, and usually without constitu- 
tional symptoms except that there may be slight fever. The prom- 
inent symptom is pain which follows the distribution of the affected 
nerve, and is of a burning, boring character, worse at night and 
increased by any movement of the affected part. The nerve is 
tender when pressed upon. Naturally pain is absent when the 
neuritis affects only motor nerves such as the facial or musculo- 
spiral. In these cases the only sjnnptom is motor paralj^sis. Un- 
pleasant sensations such as paresthesias (numbness, formication) 
and dysesthesia may precede, accompany, or follow the pain. 
Objective sensory disturbances areusuallj'^ found in themoremarked 
grades of neuritis of a sensory or mixed nerve, and involves all 
forms of sensation, i. c., touch, pain, temperature, position and 
vibration. The intensity of the sensory impairment may vary 
from a slight reduction of sensation to a complete anesthesia. Some 
modalities of sensation, especially light touch and two-point dis- 
crimination, may be more affected than others. There may be 
increased sensitivity— hj'peresthesia and hyperalgesia— in some 
areas. It is to be stressed that all objective sensory disturbances 
in peripheral neuritis are within the cutaneous distribution of the 
affected nerves. 

Since most of the peripheral nerves are mixed, motor disturbances 
are common in neuritis varying from a mild weakness to complete 
paralysis. If the condition is of sufficiently long duration fhe mus- 
cles become flabby and atrophic, with loss of deep reflexes, and the 
reactions of degeneration on electrical stimulation. Muscular 
fibrillation so common in anterior horn cell disease is an exception in 
peripheral neuritis and when encountered is usually of a coarse 
character. 

Trophic and vasomotor disturbances are usually noted in periph- 
eral neuritis, and are due to the involvement of sympathetic and 
trophic fibers which run in the peripheral nerves. The skin becomes 
bluish, thin, and glossy, or, more rarely, thickened, and the nails 
ridged and brittle. There may be alopecia, or, because of the 
atrophy of the skin, an appearance of hypertrichosis, and an in- 
creased or complete absence of perspiration. These trophic and 
vasomotor sjmiptoms occur both in tlie mild and severe cases. In 
chronic neuritis, contractures of uninvolved muscles frequently 
occur due to overaction and the failure of opposition from the par- 
alyzed anatagonists. The diseased muscles often become actuailv 
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fibrosed^ and secondary joint changes of a fibrotic character with 
anl-cylosis is encountered. 

Diagnosis of Neuritis. A diagnosis of neuritis is never simple 
or easy and is permissible only after the exclusion of the following 
conditions : 

_1. Local muscle, bone, joint and bloodvessel disease. Disability 
with pain about the shoulder may be due, not only to neuritis, but 
also to an artluitis of the shoulder joint, to a subacromial or sub- 
deltoid bursitis, or to early malignancy (sarcoma). Sciatic neuritis 
is an unfortunate diagnosis wLen underlying causes, such as osteo- 
arthritis of the spine and sacroiliac joints or a pelvic tumor are 
overlooked. 

2. Eadiculitis. Involvement of the spinal roots is characterized 
by sharp, shooting pains in the respective radicular area and is not 
accompanied by tenderness on pressure at the site to ivhich the pain 
is referred. 

3. Diseases of the spinal cord or brain. The paralysis and sensorj^ 
disturbances of a neuritis should be differentiated from disease in 
the spinal cord or brain in which other signs of central nervous 
system involvement are definitely present, and tenderness over the 
nerve trunks is absent. 

,4. Neuralgia. This condition is characterized by darting and 
paroxysmal pain. Tenderness, w'hen present at all is found only 
during paroxj'sms, with confinement to spots of definite localization. 
Even in chronic neuritis there is tenderness on pressure over the 
nerve tranks, weakness and flaccidity of the muscles. 

Theoretically, the differential clinical diagnosis of localized neuri- 
tis and radiculitis is relatively simple; but practicaUy, the etiologic 
diagnosis is most difficidt except in those cases due to trauma or 
pressure. As a matter of clinical experience most cases diagnosed 
as localized "^neuritis” turn out to be something else; many sciaticas 
have later proven to be spinal cord or pelvic tumors; an obturator 
neuritis, a hip joint disease; a brachial neuritis, a bursitis, peri- 
arthritis or sarcoma of the bones of the shoulder girdle. But even 
where such conspicuous causes are not obtainable the actual diag- 
nosis is often difficult because of the bizarreness of the sjrmptoma- 

tology and course of the disease as illustrated by the following cases: 

# 

Case 1.— Severe pain in the left arm and shoulder without neiA'p ten- 
derness. No disease of shoulder region or vertebrre found and no en’dence 
of subarachnoid block. There developed weakness and absence of reflex 
of the left triceps muscle, atrophy of mo.st of the muscles of the left aim, 
tenderne.'S over the nerve trunks and irregular hypalgesia in the distri- 
bution of the 5th, Gth and 7th cenical segments. Slow but satisfactory 

recover}'. .... , u 

hi M female, aged 35, laboratoiy technician, was admitted to the 
Graduate Hospital on August 31, 1934, complaining of pain in the left 
shoulder and left upper extremity. The family and past medical histones 
were irrelevant. She was in good health until August 23, 1934, when she 
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was awakened by pain in the left shoulder, arm, forearm and three ulnar 
fingers. There was no histoiy of antecedent infection or exposure. The 
pain gradually diminished until August 31, when there was an acute exacer- 
bation and after that she had intense pain mth numbness in the above 
named distribution. The pain was constant with exacerbations, was not 
affected by movements of the shoulder and forearm, nor was it aggravated 
by coughing or straining at the stool. Elevation of the extremity gave her 
some relief. There were no symptoms referable to any other region in the 
body. 

On admission the general physical examination was entirely negative. 

Neurologic Status. The cranial nerves were negative except for a narrow- 
ing of the left palpebral fissure. Upper Extremities. There was no atrophy 
nor tremors. The left triceps muscle was definitely weaker than the right. 
The left triceps reflex was barely obtainable; the right was prompt and 
active; both biceps reflexes were exaggerated; there was no Hoffman’s sign. 

' There was diminution of pain sensation over an irregular area corresponding 
to the distribution of parts of the 5th, 6th and 7th cervical segments. There 
was no impairment of touch, cold and heat, nor of vibration. There was 
no tenderness over the nerve trunks. The lower extremities presented no 
abnormalities except a bilateral hyperreflexia vdth the left Icnee jerk 
slightly increased over the right. The abnormal reflexes were intact. 

Course in the Hospital. Throughout her residence in the hospital from 
August 31, 1934. to October 2, 1934, the patient’s temperature, pulse and 
respiration remained normal. In the course of a few days the weakness 
of the right biceps became much more pronounced and there appeared 
atrophy of the muscles betAveen the scapulse and the small muscles of the 
left hand. The movements of the various joints became pairfful and there 
was definite tenderness on pressure in the supraclavicular space, in the 
inner and upper aspect of the aim and in the forearm. The other findings 
were essentially the same as on initial examination. Except that the knee 
and Achilles jerlis became markedly hyperactive, there were no sphincter 
disturbances. The pain was severe enough to require the continuous use 
of codein and morphin in addition to other forms of treatment. 

Special Examination. Roentgen Ray Studies. The films of the teeth were 
entirety negative. A film of the cer\dcal and dorsal spine (Dr. Karl Korn- 
blum) revealed an abnonnal curvature in the mid portion of the cervical 
spine which may have produced some encroachment upon the intervmtebral 
foramina. C/rmatysis was negative. Blood Count: Erjijhrocjdes 4,830,000; 
hemoglobin 80% (14 gm.); leukocytes 6700; polimorphonuclears 61%; 
monocytes 1%; bmphocjdes 38%. Blood Chemistry: Sugar SI mg; 
urea nitrogen 16 mg. The blood Wassennann test was negative. A spinal 
puncture on September 21, 1934, showed an initial pressure of ISO mm. of 
water vith a normal rise and fall on coughing, straining and respirator^'' 
moA'ements and upon jugular compression. The exammation of the fluid 
revealed no abnonnalities as to cell count, protein, sugar, chlorids and the 
Wassennann test. 

Condition on Discharge on October £, 1934. She still had some spontaneous 
pain but was relatively comfortable. There was moderate Aveakness and 
definite AA’asting of muscles from the shoulder down to and including some 
of the muscles of the hand. Both the triceps and biceps reflexes on tlie left 
side shoAA'cd definite impainnent but could be elicited. No sensorA' impair- 
ment AA-as noted at this time, but she did haA’C considerable tenderness on . 
pressure oA'cr the flexor surface of the forearm. 

Treatment. On admission the patient aaws given sodium salicylate Avitli 
.sodium bicarbonate regularly and morphin AA’licn nece^sarj-. Heat and 
diathonny to the shoulder and ccrA'ical spines AA'ere ndmiuLstered daity. In 
addition, she receiA’cd sodium amytal and other somnifacients which seemed 
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to be of little help to her. On September 14, 1934, she was given sodium 
salicylate, sodium iodin and colchidine intravenously, which was repeated 
every other day until the time of her discharge. This form and mode of 
medication produced a prompt and marked relief of pain. 

Comment. When first seen the pain was not accompanied by 
definite objective findings and the diagnosis was difficult. In the 
course of a few' days the clinical diagnosis of neuritis w'as relatively 
easy._ The etiologic diagnosis in this case still' remains a mystery. 
Neuritis of this sort has been noted followdng epidemics of grippe or 
occurring in patients wdio had none of the usual symptoms of grippe 
infection. 


Case 2.— Severe pain in the right shoulder, arm and forearm without 
nerve tenderness and not aggravated by movements of the joints. No 
disease of the shoulder region, of the vertebraj or of the lungs and found no 
subarachnoid block. _ Gradual developing weakness of the left biceps muscle, 
absence of the left biceps reflex and h3rpalgesia over distribution of 5th and 
6th cervical segments. Transient loss of right abdominal reflexes; with pain 
improvement there appeared nerve tenderness and complete paralysis of 
the right biceps muscle. Complete recovery except for loss of power and 
absence of reflex in the right biceps. 

A. W. H., aged 61, married, fuel merchant, was first seen on November 
29, 1934, complaining of general weakness and fatigability. The family 
history was irrelevant. 

About 30 years ago he went to Europe and took a “stomach cure.” Since 
then he has been careful with his diet. He had two hernia operations, the 
last one 5 years ago. He had several nasal operations, the last one 3 or 4 
years ago. He never drank or smoked. He did not take coffee and rarely 
tea. Two years ago he was accepted for life insurance. Thirty years ago 
he had an attack of pain in the left shoulder w'hich lasted 6 weeks. 

For 11 years he had had difficulty with a psychotic wife. Since 1929, he 
liad serious business reverses and in the past year, after going into the oil 
business, had to be up every other night until midnight or later. For the 
past 3 to 4 years he had been treated for diplopia. About a year ago he 
noticed he w'as tiring very easily especially in the legs. He also had some 
pain in the back of his neck. The weakness in his legs had become progres- 
sively worse and about 4 weeks before admission, while reading at night, 
he reached backward and experienced a sensation as of the bed traveling 
with him. Following this incident he complained of vertiginous attacks 
off and on. Three W’eeks ago he w'as examined and found to have a blood 
pressure of over 200. A "week later he developed w'hat he called a cold with- 
out a nasal discharge or fever. _ • _ 

He had a feeling of fidlness in the head which was constant, but no ringing 
in the ears, nausea or Ammiting. He w'as constipated but the bowels Avere 
regulated by ordinary' milk. There was no dyspnea except on exertion; no 
precordial pain, cough, nor expectoration; no nocturia; no numbness or 
pain in any of the limbs, but marked fatigability in the legs. His memorj' 
AA'as not impaired andvhe slept moderately AveU. 

Physical Examination. Weight 14U-, pulse 80, blood pre.ssure on the 
right side 165/90, on the left 170/90. The heart sounds w'ere not unduly 
booming. The chest and abdomen AA'ere otherwise negative. The prostate 
AA’as not enlarged. The peripheral A'essels AA’ere satisfactorj'. 

The neurologic examinalioii w'as entirely negative. 

On November 29, 1934, the following laboratory findings were rcporteci: 
Blood Count: Hemoglobin 105% (Sahli); R. B. C. 5,400,000; color index 
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105 108; W. B. C. 9400; P. M. N. 63%; mono 2%; S. L. 28%; L. L. 7%; 
urea nitrogen 28 mg.; glucose 95 mg.; blood sedimentation 20 mm. in 
1 hour. On reexamination the urea nitrogen was 13.5 mg. 

Followng the introduction of the needle for the withdrawal of the blood 
on November 29, 1934, he began to complain of pain in the right shoulder 
and arm. He blamed it on the venipuncture. It became progressively 
worse, was particularly annoying at night and was not relieved even by 
morphin. He was admitted to the Graduate Hospital on December 14, 
1934, complaining of general weakness and soreness and more particularly 
of pain in the right shoulder and arm. This pain was constant but was 
much worse at night. It was of a boring nature and was not aggravated 
by movements of the shoulder or elbow joints and did not interfere with his 
walking. It was not made worse by coughing or straining at stool. It 
kept him awake at night and required continuous use of large doses of 
morphin. 

The positive neurologic findings on December 13, 1934, included definite 
weakness of the right biceps muscle, absence of the right biceps reflex, 
hypalgesia and hypesthesia of the 5th and 6th cervical segments over the 
outer aspect of the forearm, diminution of the right abdominal reflexes and 
some increase of the Imee and Achilles jerks on the right side as compared 
with the left. 

Special Studies. Blood chemical tests were repeated and found to bo 
normal. Urinalysis was essentially negative. Blood count revealed no 
definite abnormaUties. Electrocardiogram was normal. The Roentgen ray 
of the lungs and shoulders were negative. That of the spine revealed a 
marked thoracic kyphosis ^vith a compensatory cer^^cal anterior curvature 
which might have encroached on the cervical nerv’^es. On spinal puncture 
(December 22, 1934) the initial pressure was 160 mm. of water; there was 
a normal rise on straining and on light and heavy compression of the jugular 
veins. The examination of the fluid was negative in aU respects. 

Course in the Hospital. His pulse and temperature remained normal 
until his discharge from the hospital on December 30, 1934, except for a 
rise on the 19th of December following an injection of sodium sa]ic 3 ’’]ate, 
sodium iodid and colchicine. From December 14 until December 22, 1934, 
he required continuous administration of morphin and codein and received 
as much as I- 2 - grains of morphin in 24 hours to control the pain. His men- 
tality differed, but he was generally depressed and irritable and when under 
the influence of drugs was at times slightly irrational. He was at no time 
incontinent. It was only in the latter part of December that his pain began 
graduallj' to subside while at the same time there appeared tenderne.ss on 
pressure over the arm in the axilla and over the supraclavicular region. 

At the tune of his discharge on December 30, 1934, he had vev}' little 
spontaneous pain, but considerable tenderness on pressure in the above- 
mentioned regions. The right biceps muscle was completelj’’ paralj'zed; 
the right biceps reflex was abolished; there was a definite hj'palgesia and 
hypesthesia in the distribution of the right 5th and 6th cerHcal segments. 

Treatment. In addition to morphin and codein an attempt was made to 
control his pain vith acetjdsalicj’^Iic acid and amidopjTin which was not 
successful. Improvement was first noted after the administration intra- 
venouslj" of sodimi salicylate, sodium iodid and colchicine. On December 
22, 1934 and for a time he received antipjTin, gr. v, methj’lene blue, 
gr. V, and extract of belladonna, gr. -J, q.i.d. In addition he received 
radiant heat, diathermy, hot pads, alkalis and laxatives. 

Subsequent Course. tSvo weeks after discharge he developed an acute 
pleurisj' on the left side, from wliich he made a satisfactory' recovery in 
about a week, but a week later developed a mild right-sided pleurisy. He 
retunied to full duty 6 weeks after discharge from the hospital. 
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Comment. In this case as in the first, with pain as the initial 
feature, the clinical diagnosis of neuritis could not be made at the 
outset and was not possible until after other conditions had been 
excluded by spinal puncture, Eoentgen ray of the chest and shoulder 
and other studies. The etiologic diagnosis is still unknown. The 
subsequent attacks of pleurisy would tend to show that he had a 
systemic infection the source of which had not been determined. 

Case 3.— Pain in the lower back for 2 years, particularly noticeable 
after working or long driving in bis automobile. Sudden cramplike pains 
radiating from the buttock to the ankle, and numbness of ankle and foot. 
Diagnosis of lumbosacral radiculitis and left sciatic neuritis. After a 
deeply situated abscess in the right tonsil was evacuated and later the 
tonsils removed, the patient improved rapidly. 

This patient came under observation on Januai3>^ 16, 1935, noth the com- 
plaint of excruciating pain in the back and left lower extremity. He had- 
had pain in his lower back off and on for a period of 2 years with interv'als 
of daj'S or even 2 or 3 weeks when there was no pain or soreness whatsoever. 
Suddenly, in the latter part of December, 1934, he developed sharp and 
acute pain in the left lower extremit3’- radiating from the lumbar region 
to the ankle. There was no history of acute or chronic infection or other 
condition which might have had anj^ bearing except possiblj"^ his back injury 
3 j’^ears before. 

The neurologic examination showed no disturbance of the cranial nerv'es 
or upper extremities. The abdominal reflexes were present and equal. 
There was marked fixation of the muscles of the back and a loss of the 
lumbar lordotic curve with a compensatory scoliosis. The right knee and 
ankle jerks were slightly l^’peractive, but the left knee and ankle jerks were 
diminished. There was marked tenderness over the lumbar and sacral 
vertebra; and also over the sciatic nerve. Lasegue's sign was positive on the 
left side and negative on the right. There was impairment of touch, pain 
and temperature sense in the distribution of the 1st, 2d, 3d and 4th sacral 
nerve roots. Vibratory sensibility was lost in the toes of the left foot and 
impaired in the ankle and tibia on the left side. There was marked impair- 
ment of position sense in the toes and ankle on the left. Any movements 
of the lower back produced excruciating pain. It was vith difficulty that 
the patient could arise from a chair or couch and he needed assistance when 
walldng. He improved steadity under treatment for a period of about 3 
weeks, then suddenly developed a chill and fever followed by profuse 
perspiration. From that time onward he had irregular attacks of chills 
and fever (never over 101°) for a period of 2 weeks. He lost weight, his 
appetite became poor, and he looked verj' distinctlj’- ill. Two suspicious 
teeth were removed, but inasmuch as the chills and fever did not clear up 
he was referred to an otolarjmgologist who found a peritonsillar abscess 
containing 1 or 2 drams of pus on the right side. After draining this abscess 
the chills and fever jnomptly subsided and the pain in his back and leg 
improved steadily. Following tonsillectom5' 3 or 4 weeks later further 
improvement occurred, and when last seen he was nearly well. 

The neurologic examination at this time was as follows: The fixation 
of the back muscle had entirely disappeared and bending movements were 
ranch less restricted. Slight fibrillations were noted in the gluteal muscles 
on the left side when contracted. The knee jerks were present, active and 
equal bilaterally. The right ankle jerk was slightly h3'peractive and the 
left diminished. Vibratory sense was normal on both sides. There was 
diminution of pain and touch sense in the distribution of the nerve roots 
previously mentioned, but it was quite erident that it, was rapidly cleanng 
up Lasegue’s sign was still mildly positive on the left side, but absent 
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on the right. There was noted a slight wasting of the muscles of the left 
thigh and leg. The patient stated that he had mild discomfort in the left 
lower extremity on motion, but no sharp or acute pain. If he did too much 
walking' or bending he had a slight aching in the lumbosacral region of the 
back. 

The laboratory investigation showed a perfectly normal blood count, 
negative urinalysis and normal blood chemical findings. The Roentgen 
ray studies showed abscess at the apices of 2 teeth and left lumbosacraliza- 
tion with rudimentary left lumbosacral joint. Othervdse all studies were 
totally negative. 

Treatment. Before coming to our attention the patient had had all kinds 
of hypnotics and sedatives with no particular relief of his S 3 Tnptoms. As 
soon as the diagnosis of radiculitis and neuritis had been made he was placed 
upon intravenous injections of sodium salicylate, sodium iodid and col- 
chicine. He also received 5 or 6 Roentgen ray treatments over the lower 
spine. Heat was applied daily to the lumbosacral region and the patient 
was kept more or less quiet in bed. He improved veiy rapidly so that in 
about 3 or 4 weeks’ time no medication was given except pyramidon b}’’ 
mouth. 

Commeni. This patient ivith a history of intermittent radiculitis 
over a period of 2 years very suddenly displayed an acute radiculitis 
and sciatic neuritis wuth definite objective neurologic disturbances. 
With removal of focal infection and treatment as outlined a rapid 
improvement was experienced. The diagnosis was relatively easy 
from the disease classification standpoint, but the etiologic factor 
was not discovered until retraction of the right tonsil disclosed a 
peritonsillar abscess. 

Comment. In the treatment of non-traumatic eases of neuritis 
the removal of the came is of first importance. Partieular attention 
should be directed to the elimination of focal infections and after 
this, prolonged rest of the affected part with the application of 
splints to the limbs to procure immobilization. For the direct 
relief of pain local applications of heat, especially moist* heat— as 
from steam, poultices, or hot fomentations— are useful. Occasion- 
ally in the early stages the use of ice, locally ap])lied, gives some relief. 
Counter-irritation by mustard plasters or other agents is efficacious. 
Sometimes the galvanic current, used in strength sufficient to redden 
the skin, gives immediate relief. 

Internally the best agents are the salicylates and especially 
acetylsalicylic acid with amidopyrin. The iodids appear to be useful. 
Stark® has obtained satisfactoiy residts from the employment of 
large doses of sodium iodid intravenously, administering from 30 to 
120 grains intravenously without untoward effects. A combination 
of salicylates, colchicine and iodids when given intravenously has 
proven in our exiierience to be most valuable. In many eases the 
pain may be so severe that it is necessary to resort to morjjhin and 
its derivatives. 

In severe and protracted cases the following measures have been 
suggested: hot air applications, the use of electric currents, cata- 
I)imre.sis, counter irritation with hydrochloric acid and injection 
of alcohol.’ 
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Attention should be directed to the general health of the patient 
with respect to nutrition and elimination, employing laxatives, 
diuretics, tonics and alteratives as indicated. After the subsidence 
of the acute sjonptoms and all tenderness and pain have disappeared 
baking, massage and faradic stimulation help in restoring the func- 
tion of the disabled muscles and overljdng tissues. 

Summary. Except in cases resulting from known trauma, the 
diagnosis of localized radiculitis and neuritis should be made with 
caution. In the majority of cases these conditions are secondarj-^ 
to disease of the spinal cord and its meninges, tlie vertebral column 
and other osseous structures, the pelvis and lungs, focal and general 
infections and intoxications. The primarj’^ or idiopathic forms are 
rare and are so diagnosed only by the failure to find a definite cause. 
In the majority of cases it requires the study of spinal fluid (pressure, 
cytology, chemistry, Wassermann test, etc.), a Roentgen ray studj'^ 
of the region concerned and usually of the spine, a rectal (and 
vaginal) examination as well as repeated general physical and neuro- 
logic examinations and routine blood studies. 

The prognosis depends upon the underlying causes and severity 
of the case. lYhen the cause can be removed, providing the roots 
and nerves are not actually destroyed, the outlook is good. In 
primarj'’ cases the outlook is favorable as to recovery and usefulness 
in the majority of cases, but it is to be borne in mind that the dura- 
tion of some of the cases is extremely long and accompanied by a 
great deal of suffering. 

In the treatment of the secondarj"- forms the removal or correction 
of primary causes is of first importance. In the sjTnptomatic 
treatment the use of the various salicjdates, amidopjuin and a com- 
bination of iodids, salicylates and colchicine intravenousl3'’ are help- 
ful. Immobilization; moist, drj' and radiant heat, as well as dia- 
therm3' may bring relief. In the maiority of cases opiates are 
required during the acute stage. 
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IS THERE ANY RELATIONSHIP BETWEEN RESISTANCE AND 
SUSCEPTIBILITY TO POLIOMYELITIS AND DIPHTHERIA? * 

By Claus W. Jungeblut, M.D., 

ASSOCIATE PROFESSOR IN BACTERIOLOGY, COLLEGE OF PHYSICIANS AND SURGEONS, 
COLUMBIA UNIVERSITY, NEW YORK CITY. 

(From the Department of Bacteriology, 'College of Physicians and Surgeons, 

Columbia University.) 

The obscure nature and debatable mechanism of natural insus- 
ceptibility to poliomyelitis in man has prompted us for a number of 
years to give close attention to the various aspects of this problem 
as far as they are applicable to a study of the experimental dis- 
ease.^'^’^ One important part of this program has dealt with deter- 
mining the limits of specificity in the inactivation of poliomyelitis 
virus by serum. Experiments undertaken for this purpose have 
revealed, on the one hand, a narrow speeificity of the neutralization 
phenomenon in that a large number of various antibacterial and 
antiviral immune sera proved incapable of bringing about inactiva- 
tion of the virus. On the other hand, it was found that certain 
samples of antitoxic sera from horses immunized against diphtheria 
toxin, scarlatinal streptococcus toxin and rattle snake venoin, when 
tested under the same conditions, possessed the property of effecting 
neutralization of the vims m nird. In conformity with these find- 
ings, poliocidal substances were occasionally demonstrable in tlie 
semm of monkeys actively immunized against diphtheria toxin.'* 
Another approach to the Same problem centers around attempts to 
induce enhanced resistance to poliomyelitic infection by other than 
specific means. Experiments undertaken by Armstrong and Harri- 
son^ have shovm that monkeys may acquire a relative increase in 
resistance to poliomyelitic infection following immunization with 
diphtheria toxoid. ' Our own experience on that point is fully in 
harmony with the observations of these authors. In a fairly com- 
prehensive series of animals, immunization with either diphtheria 
toxoid or toxin-antitoxin mixture increased the resistance of nearly 
one-half of the monkeys in various degrees to subsequent intracerebral 
inoculation with multiple paralytic doses of poliomyelitis virus.* 
While no clear explanation can be given, at present, to account for 
the overlapping protection in the animal or the common reactii'ity 
of the serum, it is of interest to note that diphtheria toxin seems to be 
susceptible to inactivation by certain highly specialized biological 
substances which are also capable of neutralizing poliomyelitis 
virus. Thus, contact in vitro with adrenalin,''’'^ cortin"- ® and vitamin 
C (ascorbic acid®) is apparently equally destructive for both the 
toxin of the diphtheria bacillus and the virus of poliomyelitis. 

In order to extend the experimental basis of our observations it 
has seemed advisable to carry out additional neutralization tests with 

* Under n grant from the Rockefeller Foundation. 
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diphtheria antitoxic horse sera obtained from different sources. 
At the same time, we have enlarged our series of monkeys actively 
immunized against diphtheria toxin before infection with poliomye- 
litis virus. It is the object of this paper briefly to report the results 
obtained in this work and to discuss in more detail the conclusions 
which suggest themselves. 

Experimental Work. I. Virucidal Tests with Different Diphtheria 
Antitoxic Horse Sera. A total of 16 samples of antitoxic sera obtained 
from horses under immunization against diphtheria toxin were employed 
in these tests._ The sera were secured through the courtesy of various State 
and commercial laboratories and we wish to express here our appreciation 
for the cordial cooperation received from these institutions. All sera were 
fresh, unpreseiv'ed trial bleedings taken during the course of immunization, 
ivith both high and low titers of antitoxin. The technique of the neutraliza- 
tion test followed the usual technique adopted in this laboratory, i. e., 
incubated mixtures of 0.9 cc. of serum and 0.1 cc. of a 10% virus suspension 
were injected intracerebrally into individual monkeys. The experiments 
were controlled by the inclusion of an adequate number of animals inocu- 
lated with the same dose of virus plus saline or normal monkey serum 
(Table 1). 


Table 1. — Neutralization or Poliomyelitis Virus by Antitoxic Diphtheria 

Horse Serum. 


Diphtheria serum. 

Anti- 

toxin 

unitage 

j Neutralization test. 

i 

1 

'Monkey 
j No. 

Result. 

Control 

monkey 

j Result. 

1 

Lederle 6750 

? 

Q2 

Complete paralysis 12 d. 

QI3 

Q26 

Complete paralysis 8 d. 
Partial paralysis 9 d. 

Mulford 674 ' 

“ 676 

“ 677 

“ 67S 

■ 

Q5 

Q6 

Q7 

QS 

No paralysis 

Complete paralysis 8d. 
Partial paralysis 8 d. 
No paralysis 

N. Y. State Dept. Health 469 
« “ 471 

« « 4661 

« “ 466= 

600 

500 

400 

800 

QIO 

Qll 

Q12 

Q24 

Complete paralysis 8d. 

“ “ 0 d 

“ « 7d. 

Partial paralysis 10 d. 

N* y. City Dept. Health 635^ 

« “ 6352 

“ 818 
“ “ 819 

« « 820 

« « 826 

no 

no 

225 

85 

no 

375 

076 

091 

094 

095 

096 

097 

Partial paralysis 19 d. 
Complete paralysis Sd.j 
“ “ lid.] 

** “ 6d. 

No paralysis 

Complete paralysis 8d.i 

■ 090 

Complete paralysis 7 d. 

Mass. State Dept. 636 Nonnal 
Health 636 Diph. 

7 

235 

M84 

M85 

No paralysis 

No paralysis 

M78 

M79 

Complete paralysis lid. 
Complete paralysis Sd. 

Jfass. state Dept. 

Health 636 Normal 

7 

MM 

No paralysis 

M70 j 

Almost complete paral- 
ysis 11 d. 


It will be seen from Table 1 that unquestionable neutralization of the 
idrus occurred with four different samples while a fifth serum was capable 
of prolonging the incubation period to the 19th day after injection. H the 
figures are considered in Mo, it follows that approximately one-third of 
the various samples of diphtheria antitoxic horse sera were capable of 
bringing about either complete or partial inactivation of the \drus in vitro. 
The«e results are therefore essentially in keeping with our previous obsenn- 
tions ^ Again, we failed to obser%'e any consistent relationship between 
antitoxic potency, as expressed in unitage, and extent of poliocidal power. 
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Of particular interest are the results obtained with the normal serum 
(No. 636) , which inactivated the virus on repeated tests. On further exami- 
nation it was discovered that this particular sample of normal horse serum 
contained an unusually high content of natural antitoxin, since 1 cc. of 
serum injected subcutaneously protected guinea-pigs against a simul- 
taneous similar injection of 5 and even 20 m.l.d. of diphtheria toxin. 

II. Experimental Poliomyelitis in Monkeys Actively Immunized 
Against Diphtheria Toxin. Four rhesus monkeys were given a series 
of subcutaneous injections of either toxin-antitoxin mixture or of toxoid. 
After a ground immunity was thus established, these animals received 
further injections of straight diphtheria toxin, increasing gradually from 
5 m.l.d. to 100 m.l.d. The large amounts of potent toxin were weU tolerated 
by 3 monkeys which showed no more than a slight flush or occasionally a 
superficial ulceration at the site of injection. The fourth animal however, 
which had reacted more severely to every injection, succumbed to the last 
dose of toxin, i. e., 100 m.l.d., with characteristic symptoms of diphtheria 
intoxication. The 3 animals which received the full course of immuniza- 
tion were injected intracerebrally ivith 0.1 cc. of a 10 % suspension of polio- 
myelitis virus. None developed paralysis although one showed some fever 
and slight awkwardness in jumping for a few days.. Two months later, 
these 3 animals were reinfected intracerebrally vdth 0.5 cc. of a 10% virus 
suspension. Nine and 14 days respectively after reinfection, 2 showed a 
slight paresis of the arm which did not progress any further. The third 
animal remained entirely free from any symptoms of the disease. Adequate 
controls accompanied both of these tests. 

Samples of serum were obtained from the 4 animals described above at 
the early, intermediate and late stages of the immunization period and were 
tested for virucidal properties. Of those taken early, 1 serum inactivated 
the virus completely and 3 partially (incubation period over 14 days), 
l^flien the animals were bled again, 1 month later, none of the 4 sera gave 
any indications of the presence of virucidal substances. Serum was finally 
obtained from the 3 monkeys which survived the injection of the last dose 
of toxin. Of these 3 samples, 1 only inactivated the virus (Tables 2 and 3).* 

These experiments confirm our previous obsen’^ation that active immuni- 
zation against diphtheria to>dn js frequently followed by a relative increase 
in resistance to poliomyelitic infection. However, while poliocidal sub- 
stances are sometimes demonstrable in the serum of such immunized ani- 
mals, their appearance is e^^dently very irregular, shows no correlation to 
the degree of the antitoxic immunity and their concentration at best is only 
very weak. 

Discussion. The important part played by non-specific agencies 
in the prophylaxis and cure of infectious diseases, particularly with 
respect to the enhancement of cellular defense activity, has long 
been recognized by immunologists. Cross protection between two 
totally different diseases,’ however, rarely simulates an immuno- 

* Three of the scrums -which had partially inactivated the virus in our hand 
■were sent to Dr. N. P, Hudson of the University of Chicago -who kindly agreed to 
carr>’ out comparative tests. All .3 serums failed to show any, e-vidence of -^drucidal 
power. It would seem from this experience that borderline results in neutralization 
tests which are obtained -with one strain of x-irus and one particular technique cannot 
be duplicated at -will with another strain and another technique. This fact, in our 
opinion, does not militate against acceptance of “partial neutralization” as a definite 
phenomenon in a well controlled series carried out -with liighly x-irulcnt vij-us. It 
may, however, explain some of the discrepancies that have been reported from 
diflcrent laboratories,'” except when very potent sera arc examined -a-ith which full 
agreement is usually obt.ained." 
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logical interrelationship of the sort suggested by our experiments for 
diphtheria and poliomyelitis. It seems to us that a satisfactory 
explanation of this phenomenon cannot be given along traditional 
lines of immunological thinking. Instead of seeking for some anti- 
genic relationship we believe that the search should rather be directed 
toward the discovery of a common pathologic or physiologic reac- 
tion of the host to the two agents of disease. 


Table 2. — Pouomybutis Infection in Monkeys After Active Immunization 

Against Diphtheria. 


Donor 

monkey 

No. 

j 

Type of 
immunization. 

Date 1 
infected. 

Result. 

Control 

monkey. 

Result. 

L62 

Toxin-antitoxin first; 
later toxin 

5/26/34' 

7/17/34 

1 

No paralysis 

\ Slight paresis arms U d. 

M42 

M7G 

Complete paralysis 8 d. 
Complete paralysis 7 d. 

LG4 

Toxin-antitoxin first; 
later toxin 

Died before 

1 infection 

1 


1 

L65 

1 

Toxoid first; later 
toxin 

5/26/34 

1 7/17/34 

No paralysis 

Slight paresis arms 1/f d.' 

M42 

M76 

Complete paralysis 8 d. 
Complete paralysis 7 d. 

L66 

Toxoid first; later 
toxin 

5/26/34 

7/17/34 

No paralysis 

No paralysis j 

M42 
M7G 1 

1 

Complete paralysis *8 d. 
Complete paralysis T d. 


T-A-BLe 3. — Virucidal Tests with Sera of Monkeys After Active Immunization 

Against Diphtheria. 


Donor 

monkey 

No. 

i 

Date 
bled, 1 

j 

1 Virucidal test. 

! 

Test 

1 monkey. 

Result. 

I Control ! Up,, lit 

1 monkej'. j Kesult. 

L62 

4/10/34 

i 5/11/34 
5/16/34 

' 1 

L82 
MOO 
M55 1 

1 

N'o paralysis 

Complete paralysis 10 d. 
No paralysis 

1 

i Ml 1 Complete paralysis 9 d. 

\ M2 i Complete paralysis fid. 

M70 1 Complete paralysis lid. 

M54 i Complete paralysis 6 d. 

L64 

4/10/34 

5/11/34 

L85 

M5S 

1 Partial paralysis 15 d. 

\ Complete paralysis 10 d. 

f Ml 1 Complete paralysis 9 d. 

\ M2 1 Complete paralysis 6 d. 

Mo-l 1 Complete paralysis 6 d. 

I.6S 

! 4/10/34 
5/11/34 
5/10/34 

M22 

M59 

MSG 

1 Slight paresis 15 d. 

'\ Partial paralysis 10 d. 

i Complete paralysis 11 d. j 

1 M32 : Complete paralysis 8 d. 

' i\I70 Complete paralysis lid. 

1 M54 1 Complete paralysis 6 d. 

LOB 

4/10/34 

5/11/34 

5/10/31 

M23 i 
1 MlOO 1 
M59 1 

i Complete paralysis IG d. 1 
1 Complete paralysis 10 d. 1 
1 Partial paralysis 9 d. | 

M32 ' Complete paralysis 8 d. 

M95 1 Complete paralj'sis V d. 

M54 1 Conipletc paralysis 6 d. 


It is xirofitable to begin this discussion by emphasizing certain 
important analogies in the pathology of the two diseases which may 
be overlooked because of fundamental differences in the primary seat 
of the lesions. The well known neurotropism of diphtheria toxin, 
which leads to postdiphtheritic peripheral paralysis, is characteris- 
tically reflected in the frequent occurrence of acute degenerative 
changes in the central nervous system of experimental animals after 
the injection of diphtheria toxin,*- particularly in the spinal cor:l of 
monkeys.^’'^ An intimate relationship to changed endocrine func- 
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tion (thymus, pituitary, gonads, adrenal) and lymphatic hyper- 
plasia is suggested by numerous clinical and pathologic observations 
for both, diphtheria®-i2,i4,i5.i6 ^nd poliomyelitis. 

Obviously, any similarity in the physiologic reaction of the host 
should reveal itself most clearly in the comparative degree of sus- 
' ceptibility to the two diseases. As early as 1913, the well known 
clinician Baginsky^® in his monograph on diphtheria writes upon this 
subject as follows : “I have been struck with the very extraordinary 
sensitivity of children suffering with such diseases of the central 
nervous system as poliomyelitis, spastic cerebrospinal paralysis,' 
hemiplegia, etc. One is scarcely able to keep these children in the 
hospital wards free from infection with diphtheria.” Peabody, 
Draper and Dochez,^! in their monographic study of poliomj^elitis, 
mention the case of a “child dying of a laryngeal diphtheria two 
months after the onset of poliomyelitic paralysis affecting both 
legs.” A similar thought is expressed in a recent paper by Seckel’^ 
who discusses the predisposition of certain constitutional types to 
the severe and lethal forms of diphtheria. Thus, a group of 6 cases 
of extraordinary severe toxic diphtheria, with 5 deaths, included 2 
children which had previously been attacked by poliomyelitis. 

With the advent of the Schick test as a more convenient method 
for measuring susceptibility to diphtheria, further interesting con- 
tributions to this subject were made. During the 1916 epidemic 
of poliomyelitis in New York City, Zingher-^ noted an abnormally 
high percentage of positive Schick reactions among children suffering 
from poliomyelitis (75.6%) as compared with either normal children 
of similar age groups (21.4%) or with children sick with measles 
(34.2%) or scarlet fever (45.3%). To quote from this author: 
“Between 1 and 4 years of age there is an average of over 80% of 
positive reactions. This percentage is based on over 1000 cases and 
can therefore be accepted as being fairly accurate. It was interest- 
ing and striking to see in the wards of the Willard Parker Hospital 
row after row of children who gave a positive Schick reaction. 
Indeed at one time the number of positive tests in this age group 
reached between 90 and 95%.” This ex'perience agrees well with 
our observation that the power of normal human serum to neutralize 
poliomyelitis vii-us frequently coincides with a negative Schick 
reaction of the individual. 

Comparable data for the 1931 outbreak in New York City are 
not available. However, Landon and Smith^^ state that at the same 
hospital, in 1933, among 273 cases of poliomyelitis, 40% showed 
positive Schick reactions and 51 % negative reactions, the remainder 
not having been recorded. This reduction in the number of positive 
reactors, according to these authors, “is accounted for by the fact 
that during this fifteen-year period the widespread immunization 
of children by diphtheria toxin-antitoxin or toxoid has been carried 
out.” Closely similar obscrvationswere made during the Philadelphia 
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epidemic in 1932 by Henry and Jolinsotf^ who report that of 
304 poliomyelitis patients admitted to the Philadelphia Hospital 
for Contagious Diseases 51.3% gave a history of having had diph- 
theria toxin-antitoxin previously. If we assume that a majority 
of these immunized children had also negative Schick reactions, 
one might feel inclined to take the recent observations in New York 
and Philadelphia as indicating that Schiek-negativeness produced 
by-artificial means has little or no effect on susceptibility to polio- 
myelitis in man. Without further statistical analysis, however, 
such a conclusion may proAm erroneous. First, it should be remem- 
bered that there has been a marked trend in recent epidemics (Neu^ 
York City cases under 5 years: 1907, 86.8%; 1916, 79.2%; 1931, 
53.3%; 1935, 32.8%— Philadelphia cases under 5 years: 1916, 71.1 %; 
1932, 51.5%) for an advance in the age line. This would tend auto- 
matically to reduce the actual number of positive tests which may 
be expected in a group of poliomyelitis patients. Second, neither 
report includes figures that permit a strict comparison with the pres- 
ent normal child population, the exact percentage of negatNe Schick 
reactors among which may conceivably be considerably higher— 
because of widespread acthm immunization— than the obserA^ed 
figure of roughly 50% for the poliomyelitis patients. Finally, it 
remains to be determined AA^hether or not preceding antidiphtheritic 
immunization, even if it fails to reduce the incidence of poliomyelitis, 
serA'es to loAA'er the mortality or the frequency of seA^ere residual 
paralysis, in this disease. These questions must be answered before 
any definite conclusions are warranted. The point is of more than 
passing interest in Anew of the unexplained shift in the age distri- 
bution and the lower fatality obserA'^ed in recent epidemics of polio- 
myelitis in the United States. 

We haAm made an attempt to gather further data on this inter- 
esting problem, particularly as regards the relative frequency of 
diphtheria and poliomyelitis in the same child. With the kind 
assistance of Dr. William H. Best, Director of the Bureau of Pre- 
A’-entable Diseases, New York City Department of Health, a ques- 
tionnaire was prepared AAdiich was mailed to physicians in Greater 
New York who had reported cases of infantile paralysis to the De- 
partment during the years of 1931-1932. This questionnaire asked 
for detailed information on the tjqie of case reported, the absence 
or presence of preAuous attacks of diphtheria, and any other data 
which were aA'ailable on preceding antidiphtheritic immunization. 
Of a total of 350 questionnaires sent out, only 182 Avere returned 
with partial or complete answers. Among these Avere 16 cases giving 
a definite history of having had diphtheria before the attack of 
poliomyelitis. This Avould tend to indicate a greatly increased in- 
cidence of diphtheria among our group of poliomyelitis patients 
(ages mostly 1 to 10 years) when contrasted Avith the attack rate 
of diphtheria for the child population at large in New York City in 
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the standard age group of 1 to 9 years during the same period which 
varied from 1.97 per 1000 to 1.2 per 1000. While the two sets of 
figures are admittedly of too uneven size for any fair comparison, 
these results reinforce the impression gained from a study of the 
literature that the tj^ie of child which is predisposed to poliomye- 
litis is also highly susceptible to diphtheria. Precise data as to the 
absence or presence of previous antidiphtheritic immunization and 
the clinical tjqie of the disease were obtained from 165 returns. 
Among a group of 70 cases of poliomyelitis developing in children 
previously immunized against diphtheria (46 definitely stated as 
negative) 45 (64.22%) were of the paralytic type and 25 (35.7%) 
were listed as abortive. The other group of 95 cases of poliomye- 
litis developing in children which gave no history of previous anti- 
diphtheritic immunization included 75 paralytic cases (78.95%), 
and 20 abortives (21.05%). Again, the statistical material is too 
small for any valid conclusions to be drawn although it would seem 
that the incidence of paralysis was somewhat reduced in the diph- 
theria-immune children. 

We believe that the data presented in this paper and reviewed 
above are strongly suggestive of the operation of some common 
basic mechanism which governs susceptibility and resistance to both, 
poliomyelitis and diphtheria. To establish definite proof of such 
a relationship will require more extensive research. It is hoped 
that this communication will stimulate further experimental and 
epidemiologic observations which will help to clarify this problem. 

Summary and Conclusions. 1. In a series of neutralization tests 
with 16 diphtheria antitoxic horse sera, complete inactivation of 
poliomyelitis virus occurred with four samples and partial inactiva- 
tion with one sample. There was no relationship between anti- 
toxic potency and poliocidal power. 

2. Three monkeys which survived a full course of active immuniza- 
tion against diphtheria were protected against intracerebral infec- 
tion with poliomyelitis virus. Upon reinfection, two animals devel- 
oped a slight paresis, the third remaining entirely free from any 
sjnnptoms of the disease. 

3. Poliocidal substances, although occasionally demonstrable in 
the serum of diphtheria-immune monlvcys, appear with marked 
irregularity, show no correlation to the degree of antitoxic immunity 
and their concentration at best is only verj- weak. 

4. The problem of non-specific resistance and susceptibility to 
diphtheria and poliomyelitis is discussed in the light of clinical and 
pathologic observations. 
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RELATION OF PHYSICAL DEFECTS TO NUTRITIONAL IMPAIR- 
MENT, BASED ON THE EXAMINATION OF 30,000 CHIL- 
DREN OF 21 STATES. 

PHYSICAL Measurement Studies No. 5,"^ 

By William M. Gafafer, D.Sc., 

SENIOn STATISTICIAN, UNITED STATES PDBDIC HEALTH SERVICE. ^ 

(From the Office of Child Hygiene Investigations, U. S. Public Health Service.) 

Of the four earlier papers^'^ of the series, two have been devoted 
to the matter of physical defects in children, and more specifically, 
to the study of the relation of physical defects to physical grovi;h. 
It is purposed in this, the fifth paper, to examine the relation of 
physical defects to nutritional impairment, and for several reasons: 
There has been a steadily increasing interest in nutrition and its 
various ramifications; methods of measuring nutrition continue in a 
chaotic state, and while it is generally agreed that a positive asso- 
ciation exists between certain physical defects and nutritional 
impairment, there is no unanimity of thought upon the question 
of the order of magnitude of such association. 

It is unnecessary at this time to review the methods of judging 
nutrition and what are believed to be the causes and effects of mal- 
nutrition. This has been done recently by Roberts'^ in several 
chapters which include classified lists of pertinent references for 
further study. 

Material and Method. An opportunity to investigate the subject 
proposed is afforded by data collected by three officers of the United 
States Public Health Service in connection with the physical meas- 
urement of approximately 30,000 white children from 6 to 35 
yearsf in 21 States. The officers who made the measurements are 
Drs. V. R. Anderson, E. B. Sterling and M. V. Veldee. The 21 
States are: Maine, New Hampshire, Vermont, Massachusetts, 
Connecticut, New York, New Jersey, Pennsylvania, Minnesota, 
Wisconsin, Michigan, Indiana, Illinois, Texas, Louisiana, Arkansas, 
Tennessee, Kentucky, Missouri, Utah and Nevada. For the geo- 
graphic distribution of the children according to State and commun- 
ity and other pertinent information the reader is referred to the pre- 
Auous papers of the series. 

The group of children under consideration is a homogeneous one 
in several respects: The children are native-born of white native- 
born parents and grandparents; all lived in large urban areas, and 
none seriously ill is included since all were attending school. Fur- 
thermore, grossly defective or crippled children are excluded. 

Before the child was measured and after its outer clothing had 

* Published by permission of the Surgeon General. 

"t Tlie small number of 15-year-old children measured are excluded. 
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GAPAFER: 


been removed the nutrition was judged by the Public Health Service 
officers and recorded as excellent, good, fair, poor or very poor with- 
out reference to existmg standards of height and weight. The 
nutrition of the child was judged by its general appearance, activity, 
the condition of its skin, amount of subcutaneous fat, muscle tone, 
alertness and vitality. 
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Fig. 1. — Per cent of boys and girls rrith and vrithout physical defects judged poor 
or very poor with respect to nutrition. 


The presence of physical defects was also noted. These defects 
had been observed in the majority of the children by the local school 
medical officers shortly before the physical measurements were 
made, and were accepted and recorded by the officers of the Public 
Health Sermce as defects e.xisting at the time of measuring. Those 
children who had not been pre^^ously examined for defects were 
examined for them by the officers making the measurements. The 
defects wliicli include, principally, carious teeth, defecti^’e tonsils 
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and adenoids, alone or in combination, were recorded for almost 
one-lialf of the children measured. The reader who is interested in 
the composition of the defective group is referred to a table in an 
earlier publication^ where the number of boys and girls with recorded 
physical defects is classified according to specific defects. The small 
discrepancy between the total number of children given in the table 
and the number given later in this paper is because of the few chil- 
dren that had no nutritional status recorded for them. 

It is now logical to ask whether the physical defects as noted are 
associated with the physicians’ judgment of poor or very poor nutri- 
tion, and should an association be demonstrable it may be concluded, 
presumably, that the physical defects are associated with nutritional 
impairment. Or stating the question in other words: Are the non- 
defective and defective children different with respect to nutritional 
impairment? At the same time some light will be throvm on the 
question of the order of magnitude of the association, if present. 
Because of the small numbers resulting when the different nutri- 
tional classes are divided into groups specific for sex and age, and to 
minimize the effect of the possible existence of a difference of opinion 
among examiners as to which particular nutritional class should be 
recorded in a particular case, it was decided to combine the nutri- 
tional classes into 2 broad groups : (a) Excellent, good and fair^ and, 
(h) poor and very poor. The attempt to answer the question pro- 
posed includes the determination of the percentages of children 
judged poor or very poor in the non-defective and defective groups, 
specific for sex and age, followed by an investigation of the statistical 
significance of the differences between the calculated percentages. 

Results. Of the total number of 14,070 boys examined and judged 
6293 (44.7%) had one or more physical defects recorded for them. 
Similarly, of the 14,157 girls, 6369 (45%) had one or more physical 
defects recorded for them. Table 1 shows the number of non-defec- 
tive and defective children together with the number and per 
cent of these groups that were judged poor or very poor with respect 
to nutrition, classified according to sex and age. It will be observed 
that 6.5% of the boys of all ages with physical defects had a nutri- 
tional status of poor or very poor while the per cent for the physic- 
ally non-defective is 3.8. The corresponding per cents for the girls 
are 10.2 and 5.4, respectively. While the dift'erence between the 
per cents for the girls is almost twice the corresponding dift'erence for 
the boys, both differences, namely, 4.8 and 2.7, respectively, are 
statistically significant. In this experience, therefore, when all ages 
arc combined, boys or girls with physical defects are probably differ- 
ent from boys or girls without physical defects with respect to nutri- 
tional impairment as judged by the physicians; in other words, 
physical defects are associated with nutritional impairment, ami 
with the order of magnitude as indicated. 

With respect to specific ages. Table 1 and Fig. 1 show that the 
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proportion of physically defective girls judged poor or very poor in 
nutrition is consistently greater than the corresponding proportion 
for the boys. For the girls the per cents range from 4.2 to 12.9; for 
the boys, from 3.8 to 8.9. For both sexes the lowest per cent is 
yielded by the children of the youngest age. Other than this the 
two ranges of per cent shows no similarity with respect to changes 
in age. 


Table 1. — Number and Per cent op Boys and Girls With and Without 
Recorded Physical Defects Judged Poor or Very Poor with 
Respect to Nutrition. 


[Defective group in italics.] 
Boys. 


Girls. 




Poor or very 


Poor or very 



poor nutrition. 


poor nutrition. 

Age in 







Total. 

No. 

%. 

Total. 

No. 

%■ 

years. 

All ages . 

. . 7777 

296 

3.8 

7788 

421 

5.4 


6303 

407 

6.5 

6369 

649 

10.3 

6 . . 

. . 521 

17 

3.3 

497 

12 

2.4 


396 

IS 

3.8 

457 

19 

4.3 

7 . . 

. . 725 

24 

3.3 

744 

43 

5.8 


S07 

65 

6.3 

803 

69 

8.6 

S . . 

. . 783 

30 

3.8 

794 

48 

6.0 


890 

55 

6.3 

854 

96 

11.3 

9 . . 

. . 845 

39 

4.6 

848 

45 

5.3 


961 

57 

5.9 

919 

94 

10.3 

10 . . 

. . 832 

36 

4.3 

954 

61 

6.4 


857 

76 

8.9 

810 

87 

10.7 

11 . . 

. . 985 

28 

2.8 

995 

63 

6.3 


7.^3 

33 

4-4 

734 

79 

10.9 

12 . . 

. . 1078 

45 

4.2 

1073 

52 

4 8 


631 

49 

7.8 

660 

85 

12.9 

13 . . 

. . 1122 

42 

3.7 

1033 

56 

5.4 


633 

34 

6.5 

638 

73 

11.6 

14 . . 

. . sse 

35 

4.0 

850 

41 

4.8 

' 

426 

33 

7.7 

514 

4 r 

9.1 


With regard to the sex-age specific proiiortions with poor or very 
poor nutrition in the non-defective as compared with the defective 
group, the latter shows consistently higher proportions than the 
former. A probability test, however, indicates that 4 of the 18 
possible differences between the proportions are not statistically 
significant, namely, the differences at ages 6, 9 and 11 years for the 
boys, and at age 6 for the girls. At these ages, therefore, it cannot 
be stated that the differences between the physically non-defective 
and defective groups of this experience with respect to nutritional 
impairment are not due to chance. 

Considering the evidence given above as a whole it is sufficient 
to indicate that the physically non-defective and the physically 
defective children differ with respect to nutritional impairment, and 
with an order of magnitude as given. 

Summaiy. Examination of approximately 30,000 white children, 
ages G through 14 years, of 21 States (representing chiefly the north- 
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eastern and central regions of the United States) showed that about 
one-half of the children had one or more recorded physical defects, 
principally carious teeth, defective tonsils and adenoids. 

It is found that 6.5% of the boys with physical defects had a' 
nutritional status that was judged poor or very poor, while the per 
cent for the physically non-defective is 3.8. The correspondmg per 
cents for the girls are 10.2 and 5.4, respectively. The difference 
between the per cents for the physically defective and the physically 
non-defective is statistically significant for both sexes. 

The evidence presented is of sufficient weight to indicate that in 
this experience physical defects (principally carious teeth, defective 
tonsils and adenoids) are associated with nutritional impairment, 
and with an order of magnitude as given. 
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RIEDEL’S STRUMA. 

By David Eisen, M.B., M.Sc., 

ATTENDING SURGEON, MOUNT SINAI HOSPITAL, TORONTO, CANADA, 

In 1896, Riedel reported 2 cases of a peculiar and hitherto unrec- 
ognized disease of the thyroid characterized by extreme induration 
(eisenhart) and fixation of the gland. At operation, extensive 
infiltration of the vessels and nerves of the neck seemed to confirm 
Riedel’s diagnosis of malignancy and allowed only a partial resec- 
tion. The excised tissue showed a chronic inflammation and to 
Riedel’s surprise, both patients not only made an uneventful recovery 
but subsequently shoived complete resolution of the remaining 
portion of the mass. Within the next few years similar cases were 
reported by Tailhefer, Berry, Delore and Alamartine and others. 

In 1912, Hashimoto published 4 cases resembling Riedel’s stnima 
clinically, but histologically showing not the prominent fibrosis 
characteristic of Riedel’s cases but rather a diffuse, lymphocytic 
infiltration with the formation of l\nnphoid follicles. Hashimoto 
regarded this as a new disease and named it “stniina Iwnjihoina- 
tosa.” The relationship of this condition to Riedel’s struma has 
been discussed elsewhere. 
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The first cases on this continent were reported' by Thomas and 
Webb in 1923, followed by Bohan, St. George, Meeker, Smith and 
Clute and others. On examination of the reported cases it was found 
that in many the historj^ was meagre or absent and in some the 
diagnosis was made on purely clinical grounds. For various reasons 
it was found that of 187 published cases from 91 sources reported 
up to July, 1932, all but 82 had to be rejected (Table 1). 


Tabi/E 1. — Cases op Riedee’s Stbuma. 


Author. 

Date. 

Cases. 

Acc’d. 

Rej*d. 

Semple 

1869 

1 

, , 

1 

Woelfler .... 

1883 

1 


1 

Bowlby .... 

1885 

1 

1 


Riedel 

1896 

2 

2 


Cordua .... 

1896 

1 


1 

Tailhefer .... 

1896 

1 

1 


Riedel 

1897 

1 

1 


Tailhefer 

1898 

5 


5 

Kuettner .... 

1898 

2 

1' 

1 

Loewy and Loeper 

1899 

1 


1 

Viannay .... 

1900 

1 


1 

Ricard 

1901 

1 

1 


Walther .... 

1901 

2 


2 

Poirier 

1901 

1 


1 

Berger 

1901 

1 


1 

Berry 

1901 

3 

1' 

2 

Poncet 

1901 

4 


4 

OurmanofT .... 

1902 

1 


1 

Genet 

1904 

1 


1 

Chalier 

1907 

1 


1 

Jaboulay .... 

1907 

1 


1 

Poncet and Leriche . 

1909 

1 

1 


Schloffer .... 

1909 

1 

1 


Silatschek .... 

1910 

1 

1 


Spannaus .... 

1910 

1 

1 


Delore and Alamartine 

1911 

3 

1 ' 

2 

Barjon 

1911 

1 


1 

Sebileau .... 

1911 

2 


2 

Hashimoto 

1912 

4 

4 


Meyer 

1912 

1 

1 


Murray and Southam 

1912 

1 

1 


Vogel, R 

1912 

I 


1 

Tomaselli .... 

1913 

1 


1 

Simon 

1913 

1 

1 


Wrede 

1914 

1 

1 


Cavalli 

1914 

1 


1 

Heineke' .... 

1914 

2 

2 


Bruenger .... 

1914 

3' 


3 

Balfour .... 

1918 

1 


1 

Nicholson .... 

1921 

1 


1 

Kleinsohmidt . 

1921 

1 


1 

Berry 

1921 

1 

3' 

1 

Reist 

1922 

0 

3 

Erkes . . ' . 

1922 

1 

1 


Rehn 

1922 

1 


1 

Haberer . . . '. 

1922 

1 


1 

Ewing 

1022 

4 


4 

Simmonds .... 

. 1923 

20 


20 

Mysch 

Monod ....'. 

. 1923 

. 1923 

1 

3 

1' 

1 

2 

Thomas and Webb 

. 1923 

1 

1 
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Table 1. — Cases of Riedel’s Struma. — {Continued.) 


Author. 

Date. 

Cases. 

Acc’d. 

Rej’d. 

Case No. 

Bohan . . •. 

1924 

1 

1 



St. George 

1924 

3 

2' 

1 

2' 3' 

Meeker 

1925 

1 

1 



Shaw and Smith . 

1925 

6 

4' 

2 

3' 4' 5' 6 

Hahn 

1925 

1 

. . 

1 


Smith and Clute . 

• 1926 

5 

5 



Maloney 

1926 

3 

2' 

1 

2' 3' 

Searls and Bartlett 

1926 

2 


2 


Gruenberg 

1926 

■ 1 

1 



Manninger .... 

1926 

1 

. . 

1 


Agnoli 

1926 

2 


2 


Schmincke . . . . ' . 

1926 

1 


1 


Wegelin 

1926 

1 


1 


Payr 

1927 

5 

. . 

5 


Tucker and Gertz 

1927 

1 

1 



Matthews 

1927 

1 

1 



Schultz 

1927 

3 

. . 

3 


Perman and Wahlgren 

1927 

1 

1 



Johnson 

1928 

1 


1 


Mallet-Guy el al. . 

1928 

1 

1 



Wingate 

1929 

2 

2 



Boyd 

1929 

1 

. . 

1' 


Heyd 

1929 

2 

1 

1 


Kent 

1929 

2 

2 



Enderlen 

1929 

1 

1 



Hellnor 

1929 

1 

1 



Pluecker 

1929 

1 

1 



Eberts cl al 

1929 

1 

1 



Maloney 

1929 

3 


3 


Kreuzbaucr .... 

1930 

5 

V' 

4 

4' 

Austin 

1930 

2 

2 



Vogel 

1930 

2 

2 



Bothe 

1931 

1 

1 



Roulet 

1931 

3 

1' 

2 

2' 

Traum 

1931 

1 

1 



Kreuzbaucr . . . . 

1931 

1 

1 



Prati 

1931 

2 

V 

1 

2' 

Graham and McCullagh . 

1931 

4 

4 



Diez 

19.32 

2 

2 



Joll 

1932 

8 

S 





187 

82 

105 



The figures in the right hand column indicate the case number of the accepted 
case. Cases were rejected for one or more of the following reasons. 

1. Incomplete clinical data (49 cases). 

2. Diagnosis not confirmed by histologic examination (15 cases). 

3. Diagnosis not warranted by clinical or histologic findings (30 cases). 

4. Previously published by same or other author (11 cases). 

Incidence. An outstanding feature of this disease is its rarity. 
Riedel thought this to be apparent rather than real, due to its 
tendency to spontaneous regression. In Table 2 is shown the inci- 
dence of the disease in various clinics. 

Of the 82 cases under study 72% occurred in women. In Pember- 
ton’s unpublished series of 34 cases there was an 82% female inci- 
dence. 

The youngest proven published cases were 23 years of age. One 
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patient in Pemberton’s series was 19. The oldest published case was 
a man aged 78; 60% of the cases occurred in the fourth and fifth 
decades, 14% in the third and a similar number in the sixth 
decades. 

Table 2.— The Incidence of Riedel’s Stkuma in Proportion to Total 

Thyroidectomies. 


Author. 

Thyroid- 

ectomies. 

Biedel’s. 

Per cent. 

Schloffer 

. ... 450 

1 

0.20 

Riedel 

. . . . 1,064 

3 

0.28 

Berry 

.... 500 

1 

0.20 

Schultz 

.... .305 

3 

0.98 

Smith and Clute .... 

. . . . 1,200 

5 

0.41 

Enderlen 

. . . . 3,396 

1 

0.03 

Jackson 

.... 2,000 

1 

0.05 

Eberts el al 

.... 1,050 

1 

0.10 

Erazier 

. . . . 1,551 

4 

0.26 

Pemberton 

. . . . 12,219 

34 

0.28 

Joll 

. . . . 2,000 + 

8 

0.40 

Graham 

. . . . 17,826 

27 

0.15 

Eisen 

.... 2,908 

7 

0.24 


46,469 

96 

0.20 


Etiology and Pathogenesis. The early uTiters regarded the condi- 
tion as a fibroma (Bowlby, Kicard), as a type of cirrhosis (Riedel, 
Tomaselli, Crotti) or as an especially slow-growing form of scir- 
rhous cancer (Poncet, von Eiselsberg). A syphilitic basis for this 
disease was long maintained (Kuettner, Delore and Alamartine, 
Monod) ; in not one of the 82 cases, however, was there any evidence 
of lues. Until quite recently the condition was regarded by some 
(Schloffer, Plummer and Broders, Crotti) as tuberculous, but, of late, 
this view has been largely abandoned. The modern tendencies have 
been to regard it as a chronic inflammatorj’ process, a granuloma 
or as an involutionarj’ phenomenon. The granuloma theorj^ was 
first suggested by Meyer who noted in his case plasma cells and 
eosinophils, as Hodgkin’s disease, but without the characteristic 
Sternberg cells. This view is shared by Ewing, Meeker and Schultz. 

Williamson and Pearse, upon morphologic grounds, regard Riedel’s 
struma as synonymous with “Ipnph-adenoid goiter.” It represents 
to them a physiologic insufficiency, the Ijunphocj’tic reaction being 
proportional to the failure of the hyperplastic effort. This view 
does not explain the characteristic extrathjToid involvement asso- 
ciated with Riedel’s struma, so that .Joll restricts this pathogenesis 
to those cases of the "Hashimoto type” without extracapsular 
extension. 

The inflammation theorj’ is based upon the obvious fact that 
both clinically and pathologically the disease presents many of the 
characteristics of an inflammatorj- process. As opposed to this 
hypothesis, however, it has been pointed out (Marine, von Werilt) 
that too much importance should not be assigned to the presence of 
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lymphocytes and filiroiis tissue since these may not have the same 
significance in the thyroid as'elsewhere in the body. Marine regards 
their proliferation as part of the general thyroid reaction during 
active hyperplasia (see Williamson and Pearse, Joll). 

Since thyroiditis is never primary (Kocher, Marine) foci of infec- 
tion have been sought in the teeth (Bohan) and in the pharjmx 
and tonsils (hlonod, Meeker, Kocher, Kent, Searls and Bartlett). 
The causative agent has been thought to be the staphylococcus 
(Tailhefer), Streptococcus viridans (Searls and Bartlett), rheuma- 
tism (Vogel, Simmonds), influenza (Erkes, Wegelin, Redner) and a 
leptothrix (Meeker) . 

A history of pre-existing goiter was found in 37 % of the cases. 
In 4 of my own there were associated adenomata, but these clearly 
did not enter into the pathologic picture. 

Ewing’s views as to the unity of Hashimoto’s struma and Riedel’s 
struma were challenged by Perman and Wahlgren and, more re- 
cently, by Graham who regards Hashimoto’s struma as an involu- 
tional disease with local sjnnptoms in the thyroid. Riedel’s struma 
he believes to be a local condition with general manifestations only 
insofar as might result from the strategic position of the thyroid. 
This subject has been discussed at length in a previous paper. 

Symptomatology. The outstanding sjunptom present in all 
eases was a swelling in the neck. Dyspnea on exertion was present 
in about half of the cases. Dysphonia and mild hj’perthj’roid symp- 
toms were present in between 25 and 30% of the cases. Pain and 
dysphagia were found in less than 20% of the cases. About 20% 
complained of a “choking feeling.” The latter is probably mechan- 
ical in nature and is characteristically associated with suftbcative 
attacks in bed. The pain is present in the mass itself and radiates 
up to the ear or dovm to the shoulders or chest. The duration of 
the symptoms averaged 10 months. 

Examination. The general appearance was that of a patient 
with a goiter of slight activity. The average temperaturewas9S.5, 
pulse 90, respiratory rate 20 and blood pressure 130/82. The condi- 
tion was unilateral in 40%. The size of the mass, as determined by 
clinical examination, varied from that of a hazel-nut to that of an 
orange. In 3 cases there was substernal extension. There was in 
all cases a marked induration. In -I- of the cases there was a decrease 
in mobility down to complete fixation. 

The lymph nodes were uninvolvcd. The skin was not altered or 
adherent. Suppuration was absent. The trachea was compressed 
or deviated in IG cases. Vocal cord paralysis was found in 1 reported 
case and in 4 of Pemberton’s series. 

The average pre-operative B.M.R. was -flO. The hemoglobin 
averaged 82% and the red cell count 4,746,000. The average white 
cell count was 8900 with a normal difTerential count. Serologic tests 
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for s3T)hiUs and tuberculosis were negative. The blood chemistry 
was normal. 

Differential Diagnosis. In 66% of the cases the clinical diagnosis 
was some form of malignancy. A correct pre-operative diagnosis 
of Riedel’s struma was made in only 5 cases. In the differential 
diagnosis one' must consider cancer, infection, tuberculosis and 
syphilis of the thyroid, actinomycosis and woody phlegmon of the 
neck. 

According to Crile cancer occurs in about 2% of thyroidectomies ' 
— about 10 times more frequently than does Riedel’s struma. The 
incidence is greatest in patients over 45. In 90% of the cases (Dins- 
more) the malignant process becomes engrafted upon a pre-existing 
adenoma. Growth is apt to be progressive. Rapid growth with 
general good health favors the diagnosis of Riedel’s disease. In 
cancer, involvement of the regional lymphatics is the rule and the 
skin is apt tube attached to the mass. These findings are not present 
in Riedel’s struma. Pain is more frequent in cancer; so is dysphagia 
QMurray and Southam, Bohan). In cancer, the surface is apt to 
be nodular; in Riedel’s disease, it is smooth. Cancer is apt to be 
associated with interference with circulation; Riedel’s struma, even 
in the presence of a large tumor (Reist) is not. 

Infectious thyroiditis is due to a focus of infection most often, 
according to Kocher, in the gastro-intestinal tract. A history of 
recent infection is, therefore, in favor of thyroiditis. In this condi- 
tion, moreover, hj'perthyroid symptoms are apt to be more promi- 
nent, the gland is not so hard and extensive adhesions are not likely 
to be present. The large vessels are pushed aside rather than infil- 
trated as in Riedel’s struma. Redness, tenderness, adhesions to the 
skin, the presence of pus or of any evidence of a constitutional 
reaction such as fever or leukocytosis are in favor of infectious 
thyroiditis and exclude Riedel’s disease. 

Tuberculosis may occur in the thjToid in a hypertrophic form 
with a solid gland rapidly growing in size and infiltrating the sur- 
rounding tissues. The mass is hard and sensitive on pressure. 
Adhesions are numerous but not verj”^ firm. Lymph node involve- 
ment is the rule. There may be a slight temperature and the condi- 
tion is more apt to be associated with hyperthyroidism than is 
Riedel’s struma. Occasionally there may be an abscess which 
ruptures through the skin. Postoperative hj^erthyroidism is rare 
in contradistinction to Riedel’s struma. Stigmata of tuberculosis 
may be found on general examination. 

The gumma, which is the form of sj'philis of surgical importance, 
usually causes only a moderate enlargement. It occurs usually in 
women between 25 and 45 and in about half of the cases there is a 
previous history of goiter. It can be dift'erentiated from Riedel’s 
struma bv the following characteristics. The skin is frequently 
reddened and usually tender. The surface of the mass is usually 
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soft and occasionally nodular. Fixation is rare. The regional 
lymph nodes are enlarged and there is a tendency for the mass to 
suppurate. Constitutional evidences of syphilis should be sought 
in the patient’s history and by the employment of serologic tests. 

Woody phlegmon of the neck is a chronic condition found in men 
in middle life in a depreciated state of health. There is usually 
anteeedent infeetion of the mouth, pharynx or salivary glands. 
The mass is very hard and the overlying skin wine-colored and 
adherent. The general tendency is toward recovery but fatalities 
may oceur tlu-ough edema of the larynx, pressure or exhaustion. 

Actinomycosis of the thyroid is characterized, in its early stages, 
by a boardlike induration of the neck with a typical discoloration 
of the skin. Later there is softening and ultimately sinus formation 
with the diseharge of characteristic yellow granules. 

Treatvient. Riedel’s opinion that the condition is self-limited 
has been supported by some modern writers (Manninger, Sloan). 
The majority, however, favor some form of treatment. 

Various medicaments have been tried without any definite 
benefit. Good results have been reported following radiotherapy 
(Delore and Alamartine, Crile, Ewing) particular!}’- postoperative 
radiation (Payr, Ewing, Hellner). Of 8 patients that had received 
Roentgen ray treatment, 4 showed definite improvement (Silatschek, 
Heineke, Hellner, Schloft'er). 

In the surgical management of the disease it has been observed 
that removal of only a small section characteristically results in the 
subsequent complete disappearance of the swelling. Riedel believed 
that the operation in itself initiated a curative process, an effect 
compared by some writers to that in tuberculous peritonitis. Dem- 
onstrable at operation, which they serve to complicate, are dense 
adhesions between the thyroid and other structures of the front of 
the neck. In about 60 % of the cases these were sufficiently dense 
to hamper the operative procedure. The capsule was involved in 
40%; the carotid sheath in 35%. The trachea was compressed or 
deviated in over 40% of the cases; the esophagus in only 10%. In 
about half of the cases a partial resection was done; in about one- 
third a subtotal resection. The remaining cases had a single lobec- 
tomy or a biopsy. The actual amount of tissue removed averaged 
about 90 gm. Four cases required a tracheotomy. 

Results and Prognosis. In 62 cases in which sufiicicnt data are 
supplied for the results to be evaluated 11 (18%) were cured; 37 
(60%) were improved; 4 (6%) died, and in 10 (16 %) the condition 
recurred. Under “cured” are included those cases wherein there 
was a disappearance of the tumor with relief from all associated 
symptoms with no postoperative complications. Practically the 
same results were obtained irrespective of tlie surgical procedure or 
the amount of tissue excised. 

Postoperative Inqiothyroidism was found in 43% of the reported 
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cases and in 68% of Pemberton’s series. The tendency to the devel- 
opment of hypothyroidism was found to be proportional to the 
amount of tissue resected. In at least 2 cases definite hjT^othyroid- 
ism was found before operation. Undoubtedly the disease process 
itself is a potent factor in its production. The average postoperative 
basal metabolism was —10. 

Of the 10 patients that had recurrence 6 were subjected to a second 
operation from 6 months to 2 years after the first. In 5, a permanent 
cure resulted, while in 1, the residual tumor did not disappear until 
after removal of a focus of infection in the patient’s teeth. The 
amount of tissue excised did not appear to be the determining factor 
in the recurrence since these patients were, on the whole,' submitted 
to the same operative procedures as those that did not develop a 
recurrence. 

Pathologic Anatomy. The amount of involvement varied from 
a pea-sized nodule (Bothe) to extensive infiltration of the vessels 
of the neck to the base of the skull and down into the mediastinum 
(Bowlby, Berry, Meyer, Tailhefer). The surface of the mass is 
usually smooth. The color may be yellowish, gray or pink. The 
consistency has been compared to wood (woody thyroiditis), bone, 
stone and iron (Riedel). On section it cuts like cartilage and the 
mass creaks under the knife. The cut surface is fibrous in appear- 
ance. The capsule is usually thickened. The normal lobulations 
may be completely destroyed. The regional lymph nodes are not 
involved. 

Microscopically, there is an infiltration with round cells and 
fibroblasts and adult fibrous tissue choking off the remaining thyroid 
cells into isolated islands. There may be pseudo-giant cells and 
enlarged thyroid cells arranged into fetal-looking acini. Hashimoto’s 
and Meyer’s findings have already been mentioned. Meeker’s 
finding of the remains of the postbranchial body and its duct within 
the mass have not been duplicated. Shaw and Smith observed 
frequent mitoses in the cells of the fetal alveoli and fibrous replace- 
ment of the round cells. They noted also a tendency to fibrosis in 
the secondary centers of the Ijunphoid follicles, a finding that I can 
confirm. 

Case Reports. C.^sb 1. — Mrs. L. B., aged 56, admitted September 22, 
1925, complained of a swelling of the neck and nervousness of G years’ dura- 
tion. During this time she had put on 45 pounds in weight. Three j'ears 
ago she became dyspneic on exertion and the lump began to grow rapidly, 
associated with difficulty in swallowing. General examination was negative. 
Her pulse was 84 and blood pressure 145/84. There was a firm, non-tender, 
nodular mass in the right lobe of the thjToid and the isthmus, which moved 
on swallowing. The clinical diagnosis was adenomatous goiter. At opera- 
tion on the following day, the isthmus and both lobes were resected without 
undue difficulty. The postoperative coun^e was uneventful and the patient 
was discharged'on the ISth day. Two months after tlie operation she showed 
clinical evidences of hypothjToidism with a B.M.R. of —21, for which she . 




Fig. 1.— (Case 1.) Mitochondria. The active new epithelial cells contain many 
mitochondrial granules. The degenerated cells contain none. 



Fig. 2. — (Case 2.) Acinar colloid and its contained cells. The latter show phago- 
cyted colloid particles. The colloid shows numerous vacuoles. 






Fig. 4. — (Case 4.) Young fibrous tissue -with fibroblasts replacing a round-cell 
infiltration. The acinar cells have disappeared in some alveoli. In others it is in 
the process of undergoing hydropic degeneration. 



Fig. 5. — (Case 4.) An acinus, the lining epithelial cells of which have been com- 
pletely replaced by fibrous tissue. The colloid content is largely composed of lymph- 
ocytes and endothelial cells. 
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was given tlijnoid extract grains 3 per day. On March 17, 1933, she felt 
well and showed, on examination, no sign of recurrence. 

Pathologic Examination. The capsule is tliin and the gland firm and 
friable. On section it is homogeneous and pinMsh-gray in color and is 
divided into uneven lobes by fibrous septa springing from the capsule. 

Microscopically, the epithelium is arranged in small, round acini most of 
which contain colloid, in strands, small, irregular nests or isolated cells. 
The cells are larger than normal with a ves'icular nucleus and a prominent 
nucleolus. The cytoplasm is granular. The epithelial cells are degenerated, 
either in the hydropic form with final rupture of the cell wall and extrusion 
of the cytoplasm into the acinus, or in the pyknotic form with fragmenta- 
tion of the nucleus, its extrusion and ultimate phagocytosis. Completely 
degenerated epithelial cells are replaced by round cells. Enmeshed within 
the acinar colloid can be seen desquamated acinar cells, lymphocytes, 
plasma cells and, more rarely, pol 3 Tnorphs, fibroblasts and mononuclears. 
Some of these cells show a halo of phagocyted colloid about them. 

The cellular infiltration consists chiefly of small lymphocytes, epithelioid 
cells and a varying number of plasma cells. Polymorphs are infrequent. 
The lymphocytes occur as a diffuse infiltration and as aggregated follicles, 
most of which show secondary centers Avith a border of one or two rows of 
epithelioid cells and. a thin-walled bloodvessel in the center. Also present 
are reticulum cells and lymphoblasts, the latter showing frequent mitotic 
figures. Pseudo giant cells are frequent and appear to be formed of a mass 
of colloid with desquamated epithelial cells arranged about its periphery. 

Fibrous tissue is not prominent and consists mostly of j^oung collagen 
fibrils with numerous fibroblasts. The fibrils are frequently hyalin and 
appear to spring from the septa that extend from the capsule. They ramify 
into small divisions which infiltrate between the alveoli and the cell nests. 
The vascularity does not appear increased. There is. a slight thickening of 
the intima and slight periarterial fibrosis. 

Case 2.— Mrs. M. S., aged 49, was first seen on May 23, 1929. Her 
illness began 5 months previously with loss of appetite and weight (15 
pounds), fatigability, dyspnea and palpitation on e.xertion. On examina- 
tion her pulse was 100 and blood pressure 110/78. General examination 
was negative. The neck showed a firm enlargement of the right lobe of the 
thyroid and the isthmus. There was a slight thriU over each superior pole. 
The clinical diagnosis was Graves’ disease. At operation, on the day fol- 
lowing admission, the gland was found to be strikdnglj’- hard, suggesting 
carcinoma. No lymph nodes were palpable. The subcutaneous tissues 
were of a gummy, leathery character. The perithjToid muscles were firmly 
stuck to the gland which was friable and difficult to clamp. Both lobes and 
isthmus were resected. On March 17, 1933, the patient had no complaints 
except for a tired feeling and no objective signs of recurrence. A slight 
hjq)othj'Toidism (B.M.R, —10) was under control vdth thjToid extract 
gr. i per day. 

Pathologic Examination. The tissue is firm and inelastic, with a smooth, 
rounded surface with a thin capsule. The cut surface is opaque and whitish 
with a marked increase in connective tissue. 

IMicroscopicallj’-, the involved areas show proliferation of the interstitial 
cells Vidth the fonnation of immature follicles. These cells are larger than 
normal and have an oval, brightly’’ staining nucleus and occasionally show 
e\’idences of degeneration. The process is more advanced than in Case 1 as 
epdenced by the presence of acini lined with fibrous tissue only’. Pseudo- 
giant cells of the colloid ty'pe are present. The outstanding characteristic 
is the large amount of fibrous tissue, which is present in bands which seem 
to surround and choke off groups of epithelial cells and follicles. Occasion- 
ally’ it is seen in the process of replacing the round cells which are of the 
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same type and in the same proportion as in Case 1. The bloodvessels, 
however, show a more advanced intimal thickening and periarterial fibrosis. 

Case 3. — Mr. W. G., aged 42, was admitted on November 12, 1930. 
About 2 years previously he began to lose strength, appetite and weight 
(45 pounds in 2 naonths!) followed by prominence of the eyes and other 
hyperthyroid symptoms. There was a temporary improvement vith the 
use of Lugol’s solution, followed by a relapse. On examination the pulse 
was_ 108 and the blood-pressure 128/80. The patient showed the general 
findings and eye signs of Graves’ disease. The thyroid felt grossly lobulated 
and finely granular. It was markedly hard and adherent to the underlying 
tissues. Each lobe was about the size of a turkey egg. There were no 
thriUs or bruits. At operation, 2 days later, the enlarged lobes and isthmus 
felt hard and lumpy. There was a large amount of colloid. There was a 
calcified adenoma at the left lower pole. On August 1, 1932, this patient 
had no complaints and showed no evidences of recurrence. 

Pathologic Examination. The capsule is thin and the surface pinkish and 
semitranslucent. On section there is a very marked diffuse increase in scar 
tissue throughout the lobe. 

Microscopically, there is to be seen a thick, compact, fibrous connective- 
tissue stroma including small islands of medium-sized acini which show a 
moderate hyperplasia. The fibrous tissue appears to be old and shows, in 
some areas, a moderate small round-cell infiltration. There is some in- 
creased lymphoid deposit. There is evidence of degeneration and atrophy 
of the acinar cells, and also, apparently of the newly-formed large epithelial 
cells arranged in clusters or in small, round acini. 

Case 4. — Mrs. F. F., aged 56, sought ad\'ice on May 12, 1931, because 
of a swelling in the neck associated with headache, loss of appetite, insomnia 
and palpitation of 2 months’ duration. Later there was dysphagia and the 
usual symptoms of hyperthyroidism. Her pulse was 80 and the blood pres- 
sure 144/90. General examination was negative except for poor teeth. Both 
lobes of the thyroid were hard and tender. No definite thrills or bruits. 
The clinical diagnosis was exophthalmic goiter. At operation 1 week later 
the ribbon muscles were found to be fused with the gland substance which 
latter presented a whitish, sclerotic appearance. As Riedel’s struma was 
suggested, the usual radical procedure was not followed. About one-half 
of the right and one-third of the left lobe were resected. The trachea was 
exposed and freed to prevent future compression. The patient developed 
a mild hypoth 3 Toidism 6 months after operation (B.M.R. —7) which was 
corrected with thjToid extract (gr. i per day). On Januarj^ 24, 1933, she 
reported a return of all her symptoms although there was no objective 
evidence of recurrence. 

Pathologic Examination. Both lobes are grajfish in color, somewhat 
mottled with small hemorrhage spots. The capsule is smooth but markedly 
thickened. Consistencj' is firm and mildly elastic. The cut surface is 
yellovfish and mottled, and shows large bands of scar tissue radiating in all 
directions from the capsule. In the lower portion of the right lobe there is 
a fetal adenoma measuring 0.5 cm. in diameter. 

Microscopicallj^ the epithelium in the involved areas is seen to be in the 
fonn of jmung follicles with or without a lumen; with less frequency, hj'per- 
plastic alveoli are to be seen. Hj-^dropic degeneration with karjmlysis is 
seen ever^'where. In the early stages of this process disappearance of the 
indiwdual cell outlines of an acinus gives the impression of an alveolus 
lined bj' a syncjdial mass of epithelium. The same process in an epithelial 
cell cluster leads to the formation of one type of pseudo giant cell. Occa- 
sionallv a true Langhans foreign-body giant cell is seen. The cellular mlil- 
tration is of about the same character as in the previous cases. Fiiirous 
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tissue replacement is active and is evident as richly-nucleated collagen 
fibrils ramifying between the alveoli and cells. 

Case 5.— Mrs. I. Y., aged 54, was seen on December 4, 1930, because of 
a choking feeling associated with weakness and fatigue. Her symptoms 
began S months previously with pains in the left shoulder and arm, extend- 
ing upward to the mastoid. She felt tired and weak and occasionally breath- 
less. Her pulse was 80 and the blood pressure 154/100. On examination 
the face was pale and somewhat puffy. The thyroid was enlarged, firm and 
lobulated and, in the course of the next 6 months, it became strildngly hard. 
TheB.M.R. was —21. Four months later she becamfe hoarse. The clinical 
diagnosis rested between Riedel’s struma and carcinoma. At operation, 
on October 29, 1931, the thyroid appeared pinkish-white and hard. The 
capsule was much thickened. The isthmus and both lobes were excised. 
Seven months after operation the patient developed a hypothjToidism vdth 
a B.M.R. of —28 which was corrected with thyroid extract (gr. iv per day). 
On March 23, 1933, the patient complained only of a slight dyspnea on 
exertion. Her pulse was 90 and blood pressure 170/104 and her B.M.R. —4. 
There was no sign of recurrence. 

Pathologic Examination. The tissue is firm and almost cartilaginous in 
consistency. On section, there is a diffuse, well-marked infiltration with 
scar tissue and a well-encapsulated adenoma at the left upper pole. 

Microscopically, the lesion is less diffuse than in the previous cases. The 
involved portions are traversed by bands of fibrous tissue rather richly 
nucleated. Enmeshed in these are groups of alveoli and occasionally 
pseudo giant cells containing many nuclei. There is evident hyperplasia 
of the acinar and interstitial epithelial cells. Nuclear remains are scattered 
about. Fibrosis is the prominent element in the picture. 

Case 6.— Mrs. A. S. M., aged 38, was seen on January 24, 1933, com- 
plaining of a lump in the throat associated with hyperthyroid symptoms for 
the past 15 years but aggravated in the past 3 months following the removal 
of teeth. Her pulse was 82 and the blood pressure 130/70. There was 
advanced pyorrhea. There was a fine tremor of the fingers. The th5Toid 
was slightly enlarged and finely lobulated. Two adenomata could be felt 
in the left lobe. There were mild pulses at the poles. Tlie clinical diagnosis 
was adenomatous goiter. At operation on February 17, 1933, there was 
found adhesions between the capsule and the perithyroid muscles. A 
bilateral resection was done. The patient was discharged 10 daj’-s after oper- 
ation until a B.M.R. of —14. One month later she complained of a lump 
in the throat and pains in the left side of the neck radiating to the temple 
and doum the left arm. 

Pathologic Examination . The tissue is finn, rubber^'- and pinkish in color. 
On section, it shows an unusually marked scar tissue infiltration with little 
gross eindence of hyperplasia. 

Microscopically, in the lightlj’^ involved areas there was a definite hj^iier- 
plasia of the interstitial cells resembling, in man}'- areas, the picture of diffuse 
adenomatosis (Goetsch). Elsewhere there were large epithelial cells occa- 
sionally sho-\wng degeneration. The colloid frequentl}’- showed numbers 
of colls enmeshed within it. The round cells are proliferated diffusely 
and are also aggregated into follicles with genninal centers. The latter 
differ from those seen in Case 1 in being irregular in shape and much larger 
compared to the size of the follicle. Tlic}' are also not surrounded by such 
regular, concentric layers of endothelial cells. Frequently there appears 
to be a central necrosis within such a germinal center. There are no true 
giant cefis and one ])seudo giant cell is noted. There is a large amount of 
fibrous tissiie and the vascularity is increased slightly. The appearance is 
similar to that in Case 1 but in a more advanced state. 
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Case 7. — Mrs. E. J., aged 51, "was admitted May 5, 1933. She had had 
a goiter for the last 28 years, associated, in the past 15 years, with ftervous- 
ness, dizzj' spells and indigestion. Six months previous to admission slie 
began to have definite hyperthyroid sjTnptoms and 4 months later she 
noticed that the goiter had extended across the midUne from the right to the 
left side. With this was associated pain in the back of the neck radiating 
up to both ears. The pulse was 88 and the blood pressure 160/84. There 
Was slight prominence and lid lag in both eyes. The heart showed an apical 
systolic murmur. Both lobes were nodular and very hard. The clinical 
diagnosis was adenomatous goiter. At operation, on May 17, 1933, the pre- 
thjToid muscles were found to be adherent to the gland which was grajish- 
white in color, moderately enlarged and very hard. Both lobes were fused 
over the midline forming a single hard mass. The trachea was exposed vlth 
some difficulty. The condition was recognized as Riedel's struma, hence 
a verj’- consen^ative resection was done x\dth removal of only 50% of the 
gland to guard against hjTDOthyroidism. The patient was discharged 10 
days after operation with a B.M.R. of +4 and feeling slightly improved. 

PaUwIogic Examination. Both lobes are firm and inelastic. The capsule 
is tliickened. On section, there is a very marked infiltration with scar 
tissue, between the bands of which are relatively small areas of thjToid 
tissue, containing very little macroscopic acini and colloid. 

Microscopically, there is a very marked infiltration with scar tissue wiiich 
is extensiyelj' infiltrated with IjTnphocjdes. The latter are collected into 
small follicles which occasionaUj’- possess a germinal center. There is an 
increased amount of thjnroid gland structure composed of hypertrophic 
epithelial cells which are occasionally found in small lobules and in other 
instances as isolated acini. The latter are small, regular in outline, filled 
with colloid and lined with flattened cells. The bloodvessels show consider- 
able thickening of their coats. 

Mitochondrial Shulics. Goetsch has demonstrated that activitj’' 
in thyroid epithelium can be gauged by a study of the mitochondrial 
content of the cytoplasm. This seems to the writer to present an 
accurate method of definitely establishing the significance of the 
hypertrophic epithelial cells characteristic of Riedel’s struma. 
Studies were made upon Cases 1 and 5. The teclmique was that of 
Cow'drJ^ 

The mitochondria in both cases xvcre of the “rod” type. In Case 1 , 
in which no preoperative iodin had been administered, the cells 
of the older thyroid acini and the new' hj-pertrophied cells were 
found densely packed with the reddish granules. The cells w’hich 
were undergoing degeneration showed few or no granules but rather 
larger black droplets of fat. In Case 5, in which pre-operative iodin 
had been administered, practically no mitochondria were found. 

I interpret these apparently paradoxical findings as follows: 
The results in Case 1 indicate a profound activity in the hj-per- 
plastic and hypertrophied new' epithelium and doulRless represent 
an elTort at compensation for destruction of the older alveoli. The 
lack of mitochondria in Case 5 is due, I believe, to the fact that 
the iodin, even in the small quantities administered, was sufficient 
to inactivate the epithelial c-ells to the degree indicated by the 
findings. 
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Discussion. We may now attempt to reconstruct the various 
ehanges that take place in Hiedel’s struma. We do not know 
whether the round-cell infiltration is primary and causes the degener- 
ative ehanges in the epithelial cells; or whether, on the other hand, 
this infiltration, together with the degenerative changes, are’ both 
brought about by the same noxus. In any case, the first anatomical 
changes to be noticed are the infiltration throughout the gland of 
lymphocytes, plasma cells, endothelial cells, and a small number 
of polymorphs and fibroblasts, accompanied by degenerative changes 
in the epithelium. These are usually of a hydropic type with karyo- 
lysis. Less often there are pyknotic changes in the nucleus with 
karjmrrhexis. In either case, there is anatomic replacement of 
these degenerated epithelial cells by round cells. Functional replace- 
ment is represented by hyperplastic changes in the old alveoli and 
by the formation of new hypertrophied epithelial cells arranged in 
clusters, or in fetal looking alveoli. That these new cells are active 
is indicated by mitochondrial studies. 

During this time, a proliferation of fibrous tissue throughout the 
gland forms bands which extend as septa from the capsule and 
divide the lobe into smaller and smaller lobules ultimately forming 
fine branches which infiltrate between the alveoli and the interstitial 
cells. Gradually they replace the round cells, so that finally the 
acini are lined by fibrous tissue only. In a similar manner, fibrous 
tissue replacement takes place within the germinal centers, which 
seem more prone to this fibrosis than the rest of the -lymphoid 
follicle. With increasing fibrosis, the acini are squeezed into odd, 
linear, shapes. At this stage true Langhans giant cells have been 
seen. 

Degeneration and functional replacement of epithelium do not 
continue indefinitely. In the course of time either of two eventuali- 
ties may happen. The original noxus may cease to be active so 
that the degenerative process may slow doum until a condition of 
equilibrium is attained. On the other hand, the noxus may con- 
tinue to act until there sets in, ultimately, an exhaustion of the epi- 
thelium which is then replaced anatomically only by round cells 
and finallj^ by fibroblasts. In the former eventuality which, as in 
Riedel’s Case 3, may set in many years after the commencement of 
the disease, a clinical cure will result. In the latter process of events 
the case goes on to mjrxedema. 

I he presence of adenomata in the affected glands seems to be a 
coincidental finding only since in none of the 4 cases in our series 
in which this occurred was the adenoma in any way involved in the 
disease process. 

Svmmarii. An analysis is presented of 82 cases of Riedel’s 
struma, representing all the acceptable cases that could be found ^ 
after an exhaustive search of the literature up to July, 1932. In 
addition statistics as to the incidence of the disease are presented 
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on 46,317 thyroidectomies. I report also 7 hitherto unpublished 
cases. On the basis of an analysis of the above material the follow- 
ing facts may be regarded as established. 

Riedel’s struma occurs in 0.20% of thyroidectomies and 3 times 
as frequently in women as in men. In both sexes it is found usually 
in the fifth decade, the average age being 44. 

The outstanding theories as to its pathogenesis are that it is a 
primarj^ thyroiditis, a benign form of granuloma, or that it represents 
a faxdty involution of the thyroid. 

The outstanding symptoms are the presence of a mass in the neck, 
dyspnea on exertion, voice changes, mild hypertbyroid symptoms 
and less frequently, pain and dysphagia. 

The gland may be symmetrically enlarged or the disease may 
affect one lobe only. The size of the involved area varies from that 
of a pea to a large mass extending along the vessels of the neck from 
the base of the skull donmward into the mediastinum. The lesion 
characteristically shows induration of various degrees. The surface 
is more often smooth than nodular. About one-half of the cases 
show fixation of the gland. There is no involvement of the regional 
Ijnnph nodes. The skin is neither reddened, tender, nor adherent 
to the mass. Suppuration never occurs. Evidences of interference 
with circulation are not found. 

The average pre-operative B.M.R. is -j-10; postoperative —10. 
Tliere may be a slight anemia, otherwise the x'arious tests of the 
blood and urine are negative. 

The disease must be diflerentiated from malignancy, infectious 
thjToiditis, tuberculosis and sj'philis of the thyroid, actinomycosis 
and woody phlegmon of the neck. Of the reported cases 66% had 
been misdiagnosed as malignancy, hlost of the remainder were 
thought to be adenomatous goiter. Only 6 of the reported cases 
were correctly diagnosed clinically. 

Medical treatment is of no value. Radiotherapy has been thought 
effective in some cases, presumably early cases with lymphocytic 
infiltration. There is ex'idence that the disease is self-limited and 
tends to spontaneous rccovcrA' with hypothyroidi.sm. The usual 
treatment is surgical, but in the absence of pressure .symptoms its 
indication is questionable. The procedures usually recommended 
are section of the isthmus to relieve present or future compression 
of the trachea with a partial bilateral resection leaving more than 
the usual stumps. Complications have occurred and operative 
mortalities are on record but usually in the older cases where too 
much surgerx’ was attemjited. 

The prognosis for improvement is good. There is more than a 
1 0%, chance for rcairrencc. Hypothyroidism devclojis in the major- 
ity of the ojierated cases. Neither cure, recurrence nor hypothyroid- 
ism develop in direct j)roportion to the amount of tissue re.sectcd. 

The pathology of the condition is that of a degeneration and 
atrophv of the epithelium with compensatory hyperplasia and hyper- 
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trophy, followed by round-cell infiltration, and ultimately, by 
fibrous tissue replacement. Extrathyroid involvement is found in 
the advanced cases. The pathogenesis of the condition is not defin- 
itely understood. 

The cases reported are from the services of Drs. Emil and Arthur Goetsch at the 
Long Island College Hospital of Brooklyn, N. Y., both of whom I desire to thank for 
the use of their material. I also wish to acknowledge with thanks personal commu- 
nications from Drs. Lahey, Jackson, Pemberton, Frazier and Graham as to their 
experience with the disease. 
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EOSINOPHILIA AND SKIN TESTS IN THE DIAGNOSIS 
OF TRICHINOSIS. 

By Robert A. Kildufpe, M.D., 

DIBECTOH, LABORA-TORIES, ATRAIcTIC CITY HOSPITAL, 

ATLANTIC CITY, N. J. 

In 1933 an outbreak of tricbinosis occurring in Atlantic City^ 
provided an opportunity to study in 33 of those exposed to the 
disease the results of the intradermal reaction originated by Bach- 
nian.2 From this study it was concluded that, as the demonstration 
of eosinophilia was a technically simple procedure always available 
to and readily applied by the clinician, whereas the intradermal 
test required an antigen somewhat difficult to prepare and not 
readily available, the skin test presented no marked practical advan- 
tages over the demonstration of eosinophilia. 

This conclusion was later attacked by Friedlander^ on the grounds 
that: a, conclusions concerning the value of the skin test in trichinosis 
could not be based upon the test when conducted according to the 
method described by Bachman other investigators, including 
himself and his associates, had found the intradermal reaction, when 
employed with various antigen dilutions in order to rule out non- 
specific protein sensitivity, to be of great value in the diagnosis of 
trichinosis; and, finally, c, because eosinophilia occurs in other dis- 
eases, In subsequent discussions by other workers, to which refer- 
ence will later be made, both the original paper and Friedlander’s 
comments were noted, the latter with somewhat general approval. 

The data which have by now accumulated would seem, however, 
to warrant some further comment upon the point at issue. Both 
Friedlander, and those who have to some extent agreed with him, 
appear to have overlooked factors somewhat pertinent to the issue 
which I conceive to be, not particularly the value of the skin test 
as an aid in the diagnosis of trichinosis but the relative ■\’'alue of the 
slcin reaction and the demonstration of eosinophilia in the clinical 
study of this disease. And I further consider the relative value of 
any procedure applicable to diagnosis to be somewhat directly 
influenced by its feasibility. 

It can be accepted, I think, that recognition of trichinosis is, 
first of ail, a clinical problem; that the majority of cases will first 
be seen by tlie practitioner rather than by clinic personnel or the 
specialist; and that their recognition by the practitioner will be 
detorniined in large part by his clinical acumen aided and reinforced 
by whatever laboratory procedures are easily and ordinarily avail- 
able. Xor can tlie greater difficulties of the skin test be denied, 
whereas the demonstration of eosinophilia is a simple procedure 
readily available to any ])ractitioner anAnvhere at any time. Con- 
cerning the relative availability of the two procedures as measures 
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of read 5 ^ clinical applicability there would seem to be little question. 
Concerning their relative efficiencj’’ there is room for discussion. 

McCoy, h'liller, and Friedlander® in a study of the intradermal 
test conducted with antigen dilutions of 1 to 10,000 or higher report 
“about 90 %” of positive reactions “provided the disease is suffi- 
ciently established’" (2 to 3 Aveeks after infection). Hoivever, 
eosinophilia occurs in practically the same proportion of cases and 
appears at about the same period in the disease (second to third 
week). ^^Tiereas eosinophilia gradually declines after the third or 
fourth week, the intradermal reaction persists for much longer 
periods which, however, are those in which, as encystment pro- 
gresses, the symptoms decline and the disease becomes more a 
matter of academic interest. 

Spink and Augustine® Avho in the body of their paper agree with 
the comments of Friedlander, nevertheless state in their summary 
that “the most reliable aid in these cases was the presence of an 
eosinophilia.” 

Drake, Hawkes, and Warren, also in agreement with Fried- 
liinder’s comments, report that of 25 individuals showing eosino- 
philia, half gave negative skin reactions and express the belief 
that such indmduals, though not clinically ill, represent latent 
cases of trichinosis. 

Sobel,® who also quoted Friedlander’s criticisms, also -comments 
upon the eosinophilia present in the 7 surviving patients of the 8 
in his series and emphasizes in his summarj^ that the intradermal 
test, though a valuable aid, cannot replace the biopsy in the final 
and absolute diagnosis of trichinosis. 

It is true, of course, that biopsy with the actual demonstration 
of the trichinae, is the final and absolute diagnostic criterion. But 
biopsA- should be suggested and justified by something in the clinical 
history and the clinical picture. For this purpose eosinophilia, in 
the presence of a suggestive history or symptomatology, is of sig- 
nificant import. 

Friedlander and others have Avarned that eosinophilia occurs in. 
diseases other than trichinosis and that eosinophilia may be absent 
in fulminating cases, Avhich are matters of more or less common 
knoAvledge. But no one has maintained or eA-en intimated that the 
diagnosis of trichinosis should be postulated solely upon the jires- 
ence or absence of eosinophilia. 

Eosinophilia, like the intradermal reaction, is only the expression 
of a reaction to a stimulus Avhich, indeed, is tnie of any syiniitom 
in any disease. 

The intensiW of such a reaction, indeed its occurrence, is depend- 
ent not solely upon the presence of the stimulus, but preeminently 
upon the abilitv of the individual to react, and many reactions fol- 
lowing specific' stimuli arc absent in the presence of fulminating 
infections, cither because the patient is too profoundly overwhelmed 
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to possess the ability to react, or because sufficient time has not 
elapsed for the evidences of reaction to appear. On the other hand, 
the stimulus may be too slight to cause an evident reaction, or this 
has not yet fully developed, or the patient may not possess the 
ability to react in any marked degree. There may thus be varied ex- 
planations for the absence of positive skin reactions in the latent 
cases of trichinosis which presented eosinophilia. I have encountered 
no reports of the skin test in fulminating cases. It is, of course, 
true that not all cases of trichinosis show an eosinophilia of signifi- 
cant .degree, nor even, perhaps, any eosinophilia at all. But neither 
is the intradermal reaction present in all cases despite which trichi- 
nosis may still be present in both instances. 

It is also true that not all cases of trichinosis show an eosinophilia 
of equal intensity an^’- more than all cases show an intradermal 
reaction of equal intensity. But a sufficient proportion of cases 
of trichinosis show an eosinophilia sufficiently early in the disease 
and of sufficient intensity to suggest the possibility of this disease 
in the presence of other significant symptoms and to suggest the advis- 
ability of other procedures, among which the biopsy and the skin 
test may well be numbered. 

The latest report on this subject appears to be that of Heathman® 
who presents not only a rather comprehensive review of the per- 
tinent literature, but also reports the results of skin tests, precipitin 
tests, and eosinophil counts carried out on the same day on 44 cases. 

She used antigen dilutions of 1 to 6,000 and 1 to 500 and observed 
the reactions for 1 hour following the tests and again 24 hours later. 
An extensive series of controls was included. 

Friedlander, in his comment, called attention to the work of 
Augustine and Theiler'o and also the report b;)’- himself, and McCoy 
and Miller^ as evidencing the value of the intradermal reaction 
with various antigen dilutions. The latter report, however, shows 
only 70% of immediate positive reactions to a 1 to 10,000 dilution 
and 92% to a 1 to 10,000 and 1 to 500 dilutions. Of still more inter- 
est is the occurrence of 9% of positive reactions in a series of 104 
controls, 18% of positive reactions in 92 cases infected with Trichuris 
trichiura and 62% of positive reactions in the series when both 
l_to 10,000 and 1 to 500 antigen dilutions were used. The conclu- 
sions of these authors state that “the test may be a ^'aiuable aid” 
and that “a negative test will probably prove more useful in ruling 
out the diagnosis of trichinosis than a positive one in establishing it.” 

As Heathman reviews the literature concerning the occurrence 
of ])ositive reactions to trichinse antigen in individuals suffering 
from other parasitic infections, for the sake of brevity this will not 
again be sur^■eyed here. Some of her other observations are referred 
to below. 

hricdhinder,^ in his comment, emphasized the importance of 
immediate reactions and discounted those read at 24 hours. 
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-referring to the report by j\Iaternowska.“ But Blaternowska divided 
the reactions into tu'o phases, one. reaching its height 9 hours after 
injection, and the second in 24 to 38 hours. 

Heathman records that “it would seem that precipitins and skin 
tests occur in quite a high percentage of trichinosis patients but not 
sufficiently early or regularly, at least in the group studied here, 
to be of great diagnostic aid.” She was unable to duplicate the 
results reported by Friedlander and his associates or others referred 
to by him, and her conclusions are so pertinent to the point at issue 
that they are here quoted in full: 

“1. In our hands the intradermal skin test and the precipitin 
test appear to be of much less value in the laboratory diagnosis of 
trichinosis than do the eosinophile count, together with muscle 
biopsy, and the study of the meat suspected of being the source 
of infection. 

“2. Intradermal skin tests and precipitin tests in animals heavily 
infested with Trichinellae larvm gave even a lower precentage of 
positive reactions than that found in human beings. Animals did 
not tend to develop positive intradermal reactions regularly after 
being tested a number of times. The intradermal tests in both man 
and animals are less clear-cut and more difficult to read than a 
number of other diagnostic intradermal tests. 

“3. It would seem very important both from the theoretical 
and practical standpoint that skin tests in trichinosis be more thor- 
oughl}’- studied.” 

Summary, The conclusion drawn in the original study com- 
mented upon by Friedlander was not that the skin test was without 
value in the stud}’- of trichinosis, but that it presented “no practical 
advantage over the demonstration of eosinophilia.” This conclusion 
might have been better expressed “no practical clinical advantage,” 
for, as has been stated, trichinosis is primarily a clinical problem. 

The point originally made was tliat because of its simplicity, 
reliability, and ready availability the demonstration of eosinophilia 
was more practical and more practically valuable to the clinician 
than the intradermal reaction in the clinical study of this disease. 
This conclusion which does not yet seem to have been controverted 
by subsequent published reports, does not indicate that further 
laboratorj' tests should not be used in suspicious cases. 
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CYSTOMETRIC STUDIES; THE VALUE OF FOLLOW-UP 
EXAMINATIONS. 

By M. Muschat, M.D., 

A-TTENDINQ UROLOGIST, MT. SINAI HOSPITAL; ASSOCIATE IN RESEARCH UROLOGY, 
SCHOOL OF MEDICINE, UNIVERSITY OP PENNSYLVANIA, PHILADELPHIA, PA. 

(From the Departments of Urological Surgery, Mt, Sinai and University of Penn- 
sylvania Hospitals.) 

Cystometry studies the functional state of the urinary bladder 
by means of measurement of its capacity at various pressures. By 
means of the cystometer one obtains three factors: (a) 'first desire to 
void ( A)j (^) pressure curve, (c) the maximal voluntary pressure. 
The factors of a normal bladder are; First desire to void 150 to 
250 cc., the pressure curve is gradually ascending and the maximal 
pressure is 40 to 60 mm. In the hypertonic bladder the factors are 
altered: First desire is under 150 cc., the curve is very acute, and 
the maximal voluntary pressure is over 60 mm. In the hj^iotonic 
bladder it is just the opposite; First desire to void is above 250 cc., 
the curve is flat, and the maximal voluntary pressure is under 40 mm. 
Alteration of at least two factors is characteristic for a neurogenic 
bladder. In doing cystometric work, we are frequently requested 
to repeat the cystometrographic reading at dift'erent intervals to 
ascertain the advancement or regression of the disease. In the 
normal, we are impressed -with the constancy of the cystometric 
data obtained over a period of many months. This constancy of 
repeated cystometrograms definitely proves the existence of a con- 
stant physiologic rhythm in the function of the urinary bladder. 
In many instances a repeated cystometrogram was actually identical 
with mathematical accuracy with the one taken a long time pre- 
viously or would vary only slightly and insignificantly. 

Figure 1 shows two cystometric readings in a patient with chronic 
prostatitis. The one taken 6 Aveeks later is practically identical 
with the first. 

We therefore regard tlie cystometrogram as a composite picture 
of balanced normal bladder function, constant in cliaracter and sub- 
jectively unalterable (Figs. 2 and 3). 
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Fig. 1. — Chronic prostatitis. Cystometrograms taken 0 weeks apart. Bofli 
normal (slightly hypertonic) aiid similar. No change. In this and subsequent 
figures the solid triangle represents the first desire to void. (W. S., Mt. Sinai, 30- 
4890.) 

Fig. 2. — Prostatic uropathy. Cystometrograms indicative of hypertonic detrusor 
(muscular) taken 18 months apart. No change. (W. R., Mt. Sinai.) 
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Fig. 3.— Traumatic cord injury with rcsfiltiiig .«elorosis of vessels. Cystoinctro- 
grams taken 2 ye.ars apart. No change. (S. K., Mt. Sinai, Nos. (iSO.tO and .STJ2.I.) 

Fio. 4.— Extradural sarcoma of the sitinc. Cystoraetrogr;ini A <lK>fore Oficratioah 
Neurogenic bhidder of hypotonic tyjie. Cy.^tometrogr.-im B (after oiwralion). 
Normal bladder 5 days later. Catheter removed, patient voiding. (N. S.. Ml. Sinai. 
No. SSGlfi. Neurosurgical Service of Dr. F. Grant.) 
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If one therefore in repeating a cystoinetrogram finds altered data 
it can only indicate one thing, namely, true changes in the physio- 
logic rhythm, caused by advancement or regression of the primary 


disease. 

The importance of follow-up studies in a neurogenic bladder can 
thus not be underestimated clinically— it frequently guides the 
clinician,to undertake or abstain from certain procedures contem- 




too 200 900 400 500 500 709 GOO 900 


too 200 900 400 500 600 700 £00 900 


cc. of water, cc. of water. 

Fig. 5 Fig. 6 

Fig. 5. — Fracture dislocation of twelfth dorsal vertebra; with cord involvement. 
Expectant treatment. A, taken May 18, 1935 and B, taken May 25, 1935. Note 
Rreat improvement in 1 week. While actual urination was not reestablished at the 
end of the week, the improvement shown by the cystometer greatly influenced us 
to treat expectantly. Complete recovery. (J. H., Mt. Sinai, 18 years. No. 92078, 
Orthopedic Service of Dr, M. B. Cooperman.) 

Fig. G. — Tabes dorsalis. Cystometrogram xl (.August 8, 1934); Neurogenic 
hypotonic bladder. Cystometrogram B (April 13, 1935); Neurogenic hj-potonic 
bladder. No improvement in spite of antiluetic therapy. (S. B., Mt. Sinai, No. 
33-7443, Out-patient Dermat. Service of Dr. S. Greenbaum.) 


The value of follow-up repeated cystometrograms is especially 
valuable in neurosurgical work— on the brain or spinal cord when 
an indwelling catheter is present. In these cases an indwelling 
catheter is frequently used because of the temporaiy bladder dys- 
function. The cystometrogram indicated the return of normal data 
and with it normal bladder function permitting the removal of the 
indwelling catheter. The early untimely removal of such a catheter 
may precipitate upper urinary infection due to back jiressure with 
chills and fever, gravely complicatmg the situation, since bladder 
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infection is quite common in these neurologic cases with chronic 
bladder dysfunction (Pig. 4). 

In spmal injuries usually cared for by the orthopedic surgeon 
the follow-up cystometric work is again of great value. It will indi- 
cate the retrogression of edema of the cord, the absorption of a blood 
clot, etc., by the evidence of returning normal function in a par- 
alyzed bladder (Fig. 5). 
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Fig. 7. — Cerebrospinal lues complicated by prostatic hypertrophy. Cystometro- 
gram A (March 22, 19.35) : Neurogenic bladder of hypertonic type. Cystometrogram 
B (July 17, 1935) : Neurogenic bladder of hjTJotonio type. Showing the change from 
an irritative condition of the cord to a paralytic state in 4 months. 

Fig. S. — Contusion of spine with hemntoma(?). Retention of urine for 4 daj’s, 
great difficulty in urination for the following 4 weeks. Cystometropram: A, On 
admission neurogenic bladder of hypotonic type; B, sis months later: marked improve- 
ment but still e^idencc of neurogenic disturbance. No complaints, no clinical evi- 
dence of bladder disturbance. (11. H., aged 42; automobile accident.) 


In medical diseases of the spinal cord, the cystometric follow-uj) 
examinations may also lie verj' useful. Treating a case of talies 
dorsalis with bladder dysfunction one can detennine at intervals of 
treatment whether or not a therapeutic agent is bringing about im- 
provement or whether tlie disease affecting the bladder is progressing 

in spite of the treatment (Fig. 6). .... . , 

Cvstometric readings may become definite criteria of tlie iiscful- 
ncss of a given therapeutic agent in cerebro-spina! affections (Fig. 7). 

In medicolegal work one is eager to ascertam the pre.^nt status 
of alic<^ed injurv of the spine with bladder dysfunction. One is also 



peck; treatment of diabetes 


697 


anxious to know the progress of this injurJ^ Admitting an injury 
to the spinal cord resulting in temporary bladder dysfunction, one 
is able to clinically and graphically establish this fact, the data to be 
used years later to show actual injury and oppose any accusation of 
malingery or the reverse may be true— to actually prove malingery 
(Fig. 8). 

The visualization of the cystometrically obtained data appears 
to be the most exacting, most vivid and most comprehensible way 
we have today in expressing disabilities of function of the urinaiy 
bladder. 
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HIGHER CARBOHYDRATE DIETS IN THE TREATMENT OP 

DIABETES.* 

By Franklin B. Peck, M.D., 

INDIANAPOLIS, IND. 

FOUMERLY PHYSICIAN IN CHARGE OP GRACE HOSPITAL DIABETIC CLINIC, DETROIT, 

MICHIGAN. 

The introduction of insulin into diabetic therapy ended a period 
characterized by drastic dietary restriction and made possible the 
closer approximation of diabetic diets to those of normal people. 
During the past decade there has undoubtedly been a pronounced 
trend in current opinion toward the use of larger amounts of carbo- 
hydrate than would have been formerly considered reasonable. 
Evidence in favor of such diets has been recently (1934) collected 
by Tolstoi,^ who concluded that the principle appeared to be well 
founded. The reawakened interest in this method of treating dia- 
betes has been due largely to the publications of Geyelin^ (1926), 
Sansum and his collaborators* (1926), Forges and Adlensberg^ 
(1929), Rabinowitch*-* (1930-1935), and BarachS’i® (1930-1932). 

The term “high” or “higher” carbohydrate in relation to diet 
is rather unfortunate, since it is neither definite nor descriptive. 
The content of carbohydrate in the diet is an entirely relative 
matter, interpretation of which is dependent upon the previous 
jicrsonal experience of the observer. When compared with the 

* Ro.nd at meeting of the Noonday Study Club of the Wayne Countv Medical 
Society, Detroit, March 24, 1936. 
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normal diet, all so-called high-carboliydrate diets used in tlie treat- 
ment of diabetes are low, since some restriction below normal 
amounts is inferred by all observers. The differences in opinion 
regarding the fat content of the diet further confuse the issue. 

■ In a general way the group of so-called high-carliohydratc diets 
may be roughly classified into the following divisions: 1, High- 
carbohydrate, low-fat; 2, Higher-carbohydrate, lower-fat, low- 
calorie; 3, Moderately-high-carbohydrate, moderately-low-fat. One 
might arbitrarily place the lower limit of carbohydrate in this group 
of diets at roughly 100 gm. per day. In some instances as much 
as 350 gm. have been given. 

Exiierimentally, Watson and Wharton” have compared the effects 
of such diets with the results obtained from administering a low- 
carbohydrate, high-fat diet in 27 well-controlled cases using insulin. 
They reached the conclusion that increasing the carbohydrate led 
to an increasing tolerance, provided the fat was kept below 100 gm. 
daily. The patients’ preference was for a moderately high-carbo- 
hydrate diet with a moderately low amount of fat. They observed 
that the patients felt better when larger amounts of carbohydrate 
wei’e provided. The most important criticism of this work is that 
patients were not kept for sufficiently long periods on each tj-pe of 
diet. 

Rabinowitch® has recently reported his experience over a o-year 
perio.d when using the high-carbohydrate, low-fat, low-calorie diet 
in comparison with 5 years’ use of the high-fat diet. He found a 
remarkable diminution in the amount of insulin required when using 
the new diet. An average dose of only 10.0 units of insulin per day 
was necessary, in contrast to 31.8 units using the older t>-pe of diet. 
jMany more patients were able to do without insulin entirely and 
the average blood cholesterol value was much lower. 

Geyelin'- (1935) reported 150 cases treaterl over a 10-year period 
and observed that the eft'ectiveness of each unit of insulin ])er gram 
of carbohydrate increased with carbohydrate elevation and lowering 
of the fat. He used diets of comparatively normal caloric value, 
utilizing a carbohydrate-to-fat ratio of 3 or 4 to 1. After 10 years 
on this diet the patient’s diabetes showed no retrogression. 

Sansum and Gray'^ have reported 7 years’ use of their diet in 
1005 cases, showing an average gain in tolerance. Their average 
diet Avas carbohydrate, 184 gm.; protein, 6G gm.; and fat, 82 gm., 
a total of 1738 calorics. 

The favorable effect of carbohydrate upon the glucose tolerance 
has been noted by many observers. Greenwald, Gross, and Samet'^ 
(1924-1925) found a distinct lowering of glucose tolerance produced 
by exiierimentally feeding carbohydrate-free diets and the effect 
aiipeared to be greater if fat Avas increased. .loslin'^ has noted 
clinically that diabetics live longer. cA'cn in the pre.senceof glycosum. 
if the carboliA-drate is not too low. He further states,' "A cari)o- 
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hydrate tolerance, unutilized, retrogrades.” The action of the 
repeated ingestion of glucose upon the blood sugar of a normal man, 
the vStaub-Traugott effect, is well known and was confirmed on both 
normal ‘men and diabetics by Hamman and Hirschman^’ in 1919, 
The phenomenon partially accounts for the fact that larger doses 
of insulin may be used before breakfast than at other periods 
throughout the day. 

In the light of these observations the reeent contributions of 
Himswortlff*’^^ are particularly interesting. Using normal men, 
a depressed tolerance curve resulted following fat feeding and an 
increased tolerance was observed following carbohydrate diets. 
Various diets were devised in order to determine the faetor involved, 
which was proven to be the absolute amount of carbohydrate 
present in the diet. This factor likewise is responsible for increasing 
sensitivity to insulin. Based upon the pereentage change in toler- 
ance, utilizing diets containing from 50 to 425 gm. of carbohydrate, 
he plotted curves showing the general relationship between glucose 
tolerance and carbohydrate. If the carbohydrate fell below 100 gm,, 
tolerance more rapidly declined, until a comparatively slight de- 
crease below 50 gm. resulted in a proportionately greater reduction 
in tolerance, which suggests a possible explanation for some cases 
of diabetes exhibiting a sudden onset of symptoms. 

With Marshalh” he then analyzed the diets of 143 casqs of dia- 
betes in comparison with two comparable series of normal people 
and by both quantitative and qualitative methods established that 
the majority of diabetics, before the onset of their disease, pi'eferred 
diets containing excessive amounts of fat. Insulin sensitivity of 
these patients, when computed according to his previously prepared 
charts, showed that the group as a whole, prior to the development 
of theh diabetes, exhibited a 20% lorver insulin sensitivity than that 
of normal people. 

Himsworth-^ recently compiled the available data on dietari' 
habits throughout the world, which, upon correlation with available 
mortality tables, show a definite curve of relationship. The groups 
utilizing the greater-carbohydrate and lower-fat diets haic the least 
diabetes and vice versa. He has recently commented" that probably 
two types of diabetes occur: Insulin-sensitive cases, due primarily 
to insulin deficiency, and another group of insulin-insensitive 
patients. The reaction of each to carbohydrate is probably different. 

Method. We besan the use of higher-carbohydrate diets at the Grace 
Hospital in 1929 and vithin about 6 months had transferred ]>ractical] 3 '' all 
the patients to the new diet. Our method consisted in the main of begin- 
ning with a basic diet of approximately carbohj^drate, 100 gm.; protein, 
GO gm., and fat, 50 to 60 gm., with increasing amounts of carbohydrate added 
as improvement became evident. Never less than 100 gm. of carbohj'drate 
was given daily and if this became impossible through illness, the patient 
received 100 gm. of dextrose bj' vein everv 24 hours, usualh' 25 gm. everv 
0 hours. The Ladder method of increasing carbohydrate washtilized follow- 
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ing a brief desugaring period on the first diet and in general the carbohydrate 
of the diet onUj was increased, until an approximate level of 200 gm. had 
been reached. Approximately 25% of carbohj>'drate was given for break- 
fast, 35% at lunch, and 40% for dinner, in order to take advantage of the 
Staub-Traugott effect already noted. 

By this method patients were not fed according to theh basic 
caloric requirements as computed from standard tables. The 
weight, general condition of the patient, blood sugar, cholesterol, 
glycosuria, and sense of wellbeing were depended upon for control. 
Considerable variation in diet was necessary in order to satisfy 
individual cases and circumstances and the effort was made to 
treat the patients individually, making their diets as comfortable 
as possible. In a few instances it was later necessary to increase the 
fat content of the diet beyond 100 gm. in order to maintain weight, 
but these cases were exceptional. 

Throughout the period we made no effort to spare insulin. The 
criterion for the use of insulin was arbitrarily whether or not the 
patient became sugar-free within a week or two on the diet (carbo- 
hydrate, 100; protein, 60; fat, 60) originally prescribed. Since there 
is considerable difference in cooperation between private and clinic 
patients, due to economic factors, we have utilized only the clinic 
group for purposes of comparison and have chosen to take averages 
from the two groups over 5-year periods. These results* are shown 
in Tables 1 and 2, 


Table 1. — Grace Hospital Diabetic Out-patient Department. Averages. 


Cases 

Average diet 

Blood sugar (fasting) on admission(averago) 

mg./lOO cc 

Blood sugar (fasting) during observation, 

■ mg./lOO cc 

Insulin patients (per cent) 

Insulin daily average units 

Glucose value of diet 

Insulin-glucose ratio 

Average weight loss during observation, lbs. 
* 04 patients. 


1925-1920 (Group I) 

1930-1934 (Group H ) 

204 

431 

C75-P 02-F 117 

C ISl-P C9-F 74 

= 1001 c.al. 

= 1000 cal. 

229 

219 

102 

170 

31 

S3 

20 A* 

23t 

122 

228 

lA 

1:0 

4 

1 


t 229 patients. 


Table 2. — Grace Hospital Diabetic Oot-patient Department. MonTAUTV. 

1925-1920 1930-10.TI 


Postoperative . 
Coma . 

Acute infections 
Tuberculosis . 
Arteriosclerosis 
Untracod . 


Cases. 

5 

S 

4 

5 
II 


Per cent. 

2.4 

3.9 

1.9 
2.4’ 

5.4 

2.4 

IS. 4 


Cases. 

3 

1 

0 

3 

S 


2.'5 


Per cent. 
0.7 
0.2 

1.4 
0.7 

1.5 

0.5 

5.3 


Total 

' I Arish to acknowledge my indebtedness to Dr D.aniel B Mnrcu.s, 
ant, and Miss iUeriel Colwell, dietician, whose detailed study of each in.lnid.ml 
chart made this analysis possible. 
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Discussion. We have had a strong impression since beginning 
the use of this diet that the patients have been decidedly easier 
to manage than they were under the lower carbohydrate regimen. 
Upon analysis of the actual statistics, a few points are rather strik- 
ing. In spite of having a considerable number of patients taking 
from 250 to ,350 gm. of carbohydrate daily, the average carbohy- 
drate intake is only 180 gm. and the total daily caloric values of 
the two diets are roughly comparable (1600-1700 calories daily). 
Nevertheless, the average weight loss over the 2 5-year periods 
was only 4 pounds and 1 pound, respectively. The average fasting 
blood sugar of 176 found with Group II is somewhat better than 
that of Group I. We have presented no data on cholesterol values, 
having had no comparable experienee with the early group, but 
have found them quite easy to keep within normal bounds. 

The experience with insulin is partieularly interesting. Following 
an arbitrary standard for its use, we have increased the proportion 
of insulin to non-insulin users from 31% in Group I to 53% in 
Group II. At the same time an average of 6.4 units less insulin 
, per day per patient has been necessary in the high-carbohydrate 
group. When compared with the total glucose value of the diets, 
more than twice the insulin effieiency is shown in Group II (glu- 
cose value, 228) than in Group I, having less carbohydrate (glucose 
value, 122), which bears out the contention of Himsworth. 

The mortality statistics were rather surprising. Undoubted!}'-, 
not all factors operative here can be attributed solely to diet. Due 
eredit should be given to increasing experience in the use of insulin 
and particularly to the readiness with which we now utilize it. 
What was formerly a “last shot in the locker" now has become our 
“range finder.” IS'othing is lost by the early use of insulin. It is 
noteworthy that postoperative deaths were infrequent in the latter 
series, although at least five times as many operations were per- 
formed. 

Safety for a diabetic depends upon his having a liver full of gly- 
eogen, instead of a liver infiltrated with fat, and this ean readily 
be obtained in most instances by the use of insulin with adequate 
carbohydrate feedings, or by glucose and insulin, parenterally if 
necessary. 

Conclusions. 1. Evidence in favor of carbohydrate diets in 
diabetes seems well established, both clinically and experimentally. 

2. A comparison between two series of patients has been pre- 
sented. In Group I a moderately-low-carbohydrate, moderately- 
high-fat diet was used, while in Group II a moderately-high-carbo- 
hydrate, moderately-low-fat diet was administered. 

3. The patients in Group II stated that they felt better; the 
diet was found to be more comfortable; it was cheaper; and an 
apparent increase in the efficiency of insulin resulted. 

4. Coma mortality was practically abolished and the other com- 
plications were more easily managed. 
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A NOTE ON GLUCOSE TOLERANCE IN PAGET’S DISEASE 
(OSTEITIS DEFORMANS). 

By Fbank L. Api’erla', ]\I.A., iM.D., D.Sc., 

AND 

, I\r. Katharine Cara', A.B., 

lUCIIMOND. VA. 

(From the Pathologic Department, Medical CoUcko of Virginia,) 

Some vears ago avc hapiieiicd to finti in 2 cases of Paget’s riiscase 
of lione* (osteitis flcforinan.s) gluco.se tolenmce test curves ivliidi 
were markctl bv a rajiid rise to a high level, followed by an cqu.-dly 
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rapid descent. Since then we have collected 6 more cases. The 
results of the glucose tolerance test in these 8 cases are here pre- 
sented. 

The method employed was that of MacLeaih using capillary 
blood obtained by a finger prick. Fifty gm. of glucose were taken 
by mouth, and determinations of blood sugar made before, and at 
half-hour intervals after taking glucose. Unfortunately circum- 
stances prevented the collection of urine during the test period in 
4 cases. 



o I l-k 2 Hours O i: / z 


Fig. 1.— Glucose tolerance tost in S cases of Paget’s disease of bone (A compared) 
wath the normal for people of similar age (B). 

In the accompanying figure are shown: 

{A) the curve from these 8 patients, together with sex, age and 
presence or absence of glycosuria during the test. The ages varied 
from 55 to 78. 

(B) a shaded area, into which fall, according to Faber and 
Hansen- the blood-sugar curves (capillary blood) of normal indiv- 
uals between the ages of GO and 75. This area is shown for com- 
parison with the airves in (d). 

It will be seen that in all instances but one the fasting blood-sugar 
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level is within normal limits, but that in the first half hour 4 of 
these 8 curves exceed the normal limits, 4 in the second half hour, 
and 2 in the third half hour. All curves dropped rapidly bj"- 2 hours, 
and although only 3 returned to the normal blood-fasting level, all 
but one returned to within the limits of normal men of the age 60 
to 75. In brief about half of these curves are marked by a rapid 
rise and a rapid fall. The remainder fall within the limits normal 
for that age. 

Discussion. The amount of glucose absorbed by the intestine, 
and therefore the peak of the blood-glucose curve, rises with the 
dose of glucose administered up to a maximum of 30 to 50 gm. 
(Hansen®). Larger doses have no effect on the curve, since, as shovui 
by Cori,^ absorption from the intestine cannot surpass this maximum 
rate. Since we administered the standard dose of glucose, 50 gm., 
the high peak in our cases has some other origin. It has been further 
shown that the mechanism for the utilization of glucose “is acceler- 
ated as the blood sugar rises higher until, at the peak of the curve, 
utilization rate overtakes, and then surpasses the absorption rate, 
in spite of the fact that the absorption may still remain at its maxi- 
mum” (Peters and Van Slyke®). It would appear then that in half 
of our cases something is causing a delay in the outset of utilization, 
but that the latter, once started is, in most cases, fully as rapid as 
in normal people. This would appear to eliminate any insulin 
fault. Of the remaining causes of hyperglycemia, namely, dis- 
ordered function of thyroid, adrenals and pituitarj', clinical exami- 
nation failed to incriminate the first two, while according to a recent 
review (Evans the sugar curve with rapid rise and fall seems to 
indicate hj^ierpituitarism. VTiether this is true or not remafns 
to be proved. It is however of interest to recall that the bony 
changes in the thickening skull of Paget’s disease result in pressure 
on, and diminished function in various cranial curves, e. g., optic, 
auditorj^ and other nerves. It seems reasonable to suppose that 
in some cases similar pressures are found around the pituitary fossa 
with alteration in pituitarj’^ function. That such bony changes do 
produce hyperglycemia of the tj^pe recorded in some cases of acro- 
megaly has been knovu for many years (Loeb, 1883;® Marie, 1889®). 

IMore recently Colwell,’’’ in a review of the literature, showed that 
about 40% of acromegalics and about 10% of other pituitarj^ dis- 
eases (tumor, cyst, tubercle, sj-philis, etc.) have glycosuria. Accord- 
ing to Peters and "i’^an Slyke,® in the earlier (liyperpituitary) stage 
of such diseases the glucose intolerance varies from a slightly in- 
creased aliraentari' lij^perglycemic response (such as is seen in our 
cases) to a glvcosuria indistinjpiishable from mild or severe dia- 
betes, and further, that tlie fasting bloorj-sugar level is often within 
normal limits. Our curves are therefore compatible with hyper- 
pituitarism. Unfortunately no Roentgen ray examinations of the 
skull were made in our cases, nor have we been able to find any 
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literature recording clianges in the pituitary fossa. W e are therefore 
presenting these observations in the hope that other investigators 
of this disease might be able to throw further light on these obscure 
alterations in sugar metabolism. 
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A CASE OF AGEANDLOCYTOSIS FOLLOWING INGESTION OF 

CINCHOPHEN. 

By Shepard Shapiro, M.D., 

Adjunct visiting phi'Sician, 

AND 

Letter Lehman, M.D., 

HOUSE PHYSICIAN, DEPARTMENT OF MEDICINE, HOSPITAL FOR JOINT DISEASES, 

NEW YORK CITY'. 

(From the Medical SerA'ice of Dr. A. A. Epstein, Hospital for Joint Diseases.) 

A PATIENT who had been taking cinchophen daily for 3 weeks was 
recently admitted to this hospital suffering with an illness which 
proved to be agranulocytosis. After investigating all of the possible 
causes we became comdnced that this- drug contained the leukotoxic 
agent which was responsible for the granulocjdopenia. As cincho- 
phen is prescribed freely and because of the serious nature of agran- 
ulocytosis we felt that our observation should be reported. 

^\e could find no case reports in the literature of agranulocytosis 
caused by cinchophen.* Schittenhelm^ recently remarked that cin- 
chophen was capable of producing this condition but unfortunately 
])ublishcd no rejiorts of illustrative cases. 

Cinchophen (and the same is true of amidop,>Tin) has been admin- 

In Fit7.-Hugb and Comroe’s article in this journal (185, 552, 1933), ortboiodoxy- 
bonzoato (which contains cinchophen) is incriminated as the c.Tuse of agranulocytosis 
in one of their cases. — Editor. 
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istered in varying dosages to countless numbers of patients without 
untoward effects. In those relatively rare instances in which inges- 
tion of the drug is followed by severe intoxication giving rise to 
acute yellow atrophy of the liver, or as in this case granulocytopenia, 
it appears logical to assume that some alteration within the body 
induced a degree of susceptibility that does not ordinarily obtain. 


Case Report. W. F., a white male, bartender, aged 34, was admitted 
to the hospital on April 27, 1935, complaining of vomiting, fever, marked 
Weakness, and polyarticular pain and swelling of 2 days’ duration. 

Pertineiit findings in his history were 4 attacks of gonorrheal urethritis 
over a period of 14 years. Associated with the last 3 of these was a polj’’- 
arthritis which kept the patient bedridden for periods of 8 to 10 weeks in 
each instance. The last of these episodes which occnrred following specific 
exposure 5 months prior to his entering the hospital has continued with 
remissions to the present time. 

One month preceding the onset of the acute illness for which he was 
admitted to the ward, the patient was treated in the dispensar}’’ of this 
hospital for urethral strictures and joint pains. He received local treat- 
ments for the urinary difficult5' and 7 intramuscular injections of Lactigen. 
Lactigen is not knoum to have anj"^ depressing effects on the bone marrow. 
Tliese were followed by no noteworthy alteration in the severity of the 
arthritic symptoms nor was any indication of a general reaction observed. 
Commencing 3 weeks immediately preceding admission, the patient was 
given cinchophen— 75 grains 3 times daily. He took this medication regu- 
larly, as ordered, until 2 dai's before he entered the hospital when he became 
suddenly ill vith the sjanptoms described above. 

On admission he was acutely ill; his temperature was 104.8° F, the pulse 
rate Avas 120 and the respirations 24 per minute. There AA’ere a few palpable 
cerA'ical Ijnnph nodes. These were not tender. The lungs Avere clear and 
resonant throughout. The cardiac apex was felt in the fifth interspace, 
11 cm. from tlie midline. The heart sounds were distant, the rhythm Avas 
regular, and no murmurs Avere heard. The liA-er Avas palpable tA\’o fingers’ 
breadth beloAV the right costal margin. The prostate aaws soft and moder- 
atety tender. The external genitalia appeared normal. 

Marked tenderness A\'as elicited over all dorsal and lumbar vertebra; 
and both sacroiliac joints. There AA'as an effusion in both knees. Both 
ankles and tarsal joints AA’ere tender and hot. There Avas no dj'spnea, no 
jaundice, no petechia'. The mouth and nasopharj'nx AA'cre nonnal in appear- 
ance. The spleen Avas not palpable. There Avas no generalized Ijunph- 
adenopathy. 

Blood count on the fourth day of the illness rcA’ealed: Hemoglobin, GS%; 

R. B. C., 3,080,000; W. B. C., ’ --eutrophiis, 1 %; non-seg- 

mented, 2%; eosinophils, 2%; . ■ . ; ■■ ■■ : monocytes, 1%; myelo- 


cytes, 1%. . . 

The blood sedimentation rate A\’as GO mm. m 45 minutes. 

These findings suggested the diagnosis of agranulocytosis, ns against 
such possibilities as gonorrheal arthriti.s, endocarditis of rheumatic or 

gonorrheal origin, or septicemia. 

A second blood count on the .sixth day of the illness sIioAved a total Aviute 
blood cell count of 1800, 92% of Avhich Avere lymphocytes, 2% non-seg- 
mented neutrophils, 2% eosinophils, and 4% myelocj-tos. The platelets 


numbered 128,000 per c.imn. . . . , 

Blood chemical studies, including icteric index were Avatlnn nonnal Inn f.-, 
on tAVo occasions. B'a.«sennann and Kahn tests, and 0-C fixation oft lie 
blood senim AVero all negative. The same procedures were rciieatcd on 
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fluid aspirated from the left knee joint and these too were negative. vSmears 
of the fluid showed numerous neutrophils but no bacteria. The culture 

was sterile. , , . ... 

Two blood cultures showed no growth each after 5 days incubation. 
Prostatic smear revealed numerous Gram-negative extracellular diplococci. 
Urinalj^sis disclosed a faint trace of albumin and a few white blood cells. 
Urine examinations for arsenic, bilirubin, and urobilinogen were negative. ^ 
Stool cultures revealed Staph, albus and Strep, anluemolyticus. 

. The patient grew progressively worse during the first week of the ill- 
ness. Ulcerations of the gum, lip, palate, pharynx and anus were noted. 
Abdominal distention and mental confusion appeared, and tlm hyper- 
pyrexia continued. Concurrently the white blood cell count diminished 
to 1,000 per c.mm. The ulcerations showed necrosis with no reaction in the 
surrounding tissues, apparently due to the absence of neutrophils. 



Ghaut I.— Temperature curve andleukocytc counts. P= Pentnucleotide injection. 

T = blood transfusion. 


Pentnucleotide therapy was instituted on the 8th day of the illness (the 
6th hospital day) and some improvement in the total white cell count was 
noted 2 days later. Because of the critical condition of tlie patient, it was 
deemed necessary to administer blood transfusions also. Four were given, 
about 400 cc. of blood being injected each time. In addition, Pitressin 
served effectively in combating the abdominal distention. 

Improvement in the ‘blood picture preceded clinical improvement by 
several days and recovery was marked by gradual healing of the local lesions 
a.s tlie temperature fell by lysis. The white blood cell count rose to 8300 
with 5Q% neutrophils prior to discharge (Chart I). 

It is interesting to note that the polyarthritis abated after the first few 
nays of the illness as the fever reached its highest level. Tlie patient re- 
mmned entirely relieved of this sjTnptom at the time he left the hospital. 

i.incc discharge, 6 months ago, the patient has experienced mild migra- 
tory joint jiains and recurrence of the urethral discharge. Otherm'se he 
lias been .s.\anptom-free except for some weakness. The white blood cell 

has varied between 7800 and 11,600 and the neutrophils between 
o6% and o9%. 
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Sternal puncture on the 12th day of the iUness revealed a hyperplasia 
.of the bone marrow with predominance of the younger granular elements. 
This,_ according to Fitz-Hugh and Krumbhaar,^ Reich® and others, is char- 
acteristic of at least one variety of agranulocytosis and appears to be due to 
a maturation arrest. S 3 Tnptomatic agranulocytosis has been observed 
principally following the use of the arsenicals, gold salts, and drugs con- 
taining the benzene ring. 

Discussion, In reviewing this case, we have not been unmindful 
of the possibility of a mere coincidental relationship between the 
ingestion of cinchophen and the development of granulocytopenia. 
Indeed the identical question arose when amidopyrin was first 
recognized as a possible etiologic factor in this entity. However, 
investigation of the numerous cases as they appeared revealed cer- 
tain features which invariably became evident following shortly 
upon the administration of the toxic agent.^ There was acute 
onset -with progressive severe neutropenia but without concomitant 
reduction in hemoglobin, erydhrocjdes or platelets. There was 
also development of distinctive local lesions and characteristic bone 
marrow^ picture. The spleen w^as not detectably enlarged nor were 
hemorrhages present in any of these cases. The course was rapid 
terminating in recovery or death. 

All of these features were present in the case herein reported. 
The onset was acute and followed immediately upon the ingestion 
of cinchophen. With the development of prostration there was almost 
total disappearance of granulocjdes from the peripheral blood stream 
(relative Ijunphocytosis as high as 98%) while the erydlirocyde, 
hemoglobin and platelet determinations varied only slightly from 
the normal. There w'ere no hemorrhages, splenomegaly or general- 
ized l^^nphadenopath 3 ^ Ulcerations appeared in the mouth and 
throat and about the anus. The sternal puncture revealed a picture 
of “maturation arrest”" which is accepted as diagnostic at least in 
one form of agranulocytosis. 

There remains the question whether cinchophen contains in its 
structural constitution a substance which when yielded within the 
body is capable of exerting a leukotoxic effect. Cinchophen is phenyl- 
quinolin carboxylic acid® and under certain conditions may liberate 
free benzene® or nitrophenols.^ Compounds containing either of 
these are known to induce toxic degeneration of the liver® or a par- 
alyzing effect upon leukopoie.sis as in arsphenamin, amidopyrin. and 
dinitrophenol poisoning.® 

Exq)erimentally it has been possible to detect the specific Icuko- 
toxlc action of this group of chemicals. Climenko’® has demon- 
strated in rabbits that following the administration of amidopyrin 
or dinitrophenol, and so on, the Icukopoictic system fails to give 
normal response to parenteral injections of nucleic acid, namely, 
a transient leukocytosis; and, in fact, that this ability is lost long 
before any change can be observed in the cellular constituents of the 
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peripheral circulation. In other words, the action is directly on the 
bone marrow which manifests a marked hyperplasia similar to that 
seen clinically in agranulocytosis. 

In our patient there was present no other condition such as aleuke- 
mic leukemia, Hodgkin’s disease or metastatic bone carcinoma, in 
the course of which severe neutropenia may occur. 

Summary. A case is reported where agranulocytosis occurred 
during the administration of cinchophen and subsided after its with- 
drawal. Suggestions concerning the mode of action and a possible 
contributory factor responsible for the patient’s susceptibility are 
offered. 
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The Foot. By Nohjlvn C. Lake, M.D., M.S.. D.Sc. (Lond.), F.R.C.S. 
(Eng.), Senior Surgeon and Lecturer on Surgery, Charing Cross Hospital; 
Surgeon, Bolingbroke Hospital, etc. Pp. 330, 95 illustrations. Balti- 
more: William Wood & Co., 1935. Price, S4.50. 

This is the most comprehensive work to date on foot troubles. It recounts 
ever 3 '’ condition from hyperidrosis to thromboangiitis obliterans. The 
chapter on examination of the feet is a postgraduate lesson for practitioner 
and specialist. Even such sections as evolution, embryology and anatomy 
may be read vdthout boredom. Interest can be found in the sections on 
mechanics of gait and history of shoes. Then it assumes the conciseness of 
a manual. The discussion of fractures and dislocations is much too con- 
densed to be of reference value. The treatment of the many foot complica- 
tions mentioned in its text is too ‘general and too brief to be informative. 
The Reviewer, however, closes the book, feeling it to be a valuable addition 
to anj' library in spite of its abridgement, and hopes that the author and 
publisher vill bring out a more detailed and fully illustrated second edition. 

J. N. 


Tuberculosis, Vol. 10 of Clio Medica Series. By Gerald B. Webb, 
former President, National Tuberculosis Association ; Lecturer on Medi- 
cal History, University of Colorado; President, Colorado Foundation for 
Research in Tuberculosis. Pp. 205; 17 illustrations. New York: Paul 
B. Hoeber, Inc., 1936. Price, 82.00. 

This mono^aph is another of the valuable historical series “Clio Mocl- 
ica,” and carries a foreAvord bj' the editor of the series. Dr. E. B. Krumbhaar. 
In it the author has succeeded in presenting a comprehensive story of the 
development of our knoivledge of tuberculosis in brief form, without sacrific- 
ing literary quality. Although few important events are left out, space 
has been saved bj' precision of statement and stress onlj' of the most sig- 
nificant. Length}' arguments oi'er priority are omitted, for, as noted in 
a quotation from Frances Darwin, “ In science credit goes to the man who 
convinces the Avorld, not to the man to whom the idea first occurs.” Due 
notice is taken, hoivever, of some avIio were merely unfortunate in lack of 
recognition in their own time, such as William Stark, avIio actually antici- 
pated Laennec in much credited to the latter. 

It is interesting to those concerned with tlie modern attack on tubercu- 
losis that the opening chapter is on cpidemiolog}' and the final one on 
legislative prophylaxis. The early public health measures of Hermann 
Biggs, well known to specialists in tubcrculosi.s, but not so ivell known to 
the m'cdical profession in general, are credited with their deserved impor- 
tance. The ston' beginning in ancient times is carried up to the present, 
with indication of modern trends of rc.=carcli. . 

Treatment accorded to climate, so often a subject of partisanship, is 
temperate and the modern enthusia.sm for more active measures has not 
prevented’a sound emphasis on the value of tlie older, conservative treat- 
ment by rc«t alone. Tlie book is heartily recommended to those wlio wi-h 

to learn the significant events in the history of the disease quickly. 

Li. L. 
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The Common Cold and Influenza. Their relationship to otlier infec- 
tions in man and animals. The Nature of Disease Annual Rejwrts for 
the Years 1934 and 1935. By J. E. R. McDonagh, F.R.C.S. Pp. 152. 
London: William Heinemann, Ltd., 1936. Price, 12s. 6d. 

Let the Reviewer say at once that this volume throws more light upon 
the nature of the author than upon the nature of disease. The book con- 
sists of a philosophic discussion of disease based upon the author’s theory 
"that there is only one disease and one cause in man and animals alike” 
(p. 119). The cause is the activity of short waves emanating from space 
(cosmic rays) and from bacteria. Pathogenic bacterid are all mutations 
of B. coli communis, illustrated by a chart showing six ladders proceeding 
away from the iiarent form. Di.sease is due to the hydration of protein 
particles after their dehydration under the influence of short waves. Bac- 
teria of the intestinal canal are the offenders and they undergo cycles of 
activity. By quoting percentages of various bacteria found in two intestinal 
canals of animals and man, the author .shows to his satisfaction their 
relationship to disease. He gives no figures from which the percentages 
are computed.. He describes no technique which was used. He quotes 
no references to work done b}' others. 

For prevention and treatment for the common cold and influenza he 
recommends high colonic irrigation, ultrashort wave therapj;^ and oral or 
subcutaneous doses of washings made from emulsions of the patient’s 
intestinal organisms ("Anepidem”). This treatment, with minor modi- 
fications, was found to be successful in quoted cases of lobar pneumonia, 
cerebral edema, rheumatoid arthritis, _ sciatica colitis, mucous colitis, 
asthenia and myasthenia, thrombophlebitis migrans and eczema. 

The author is unimpressed by the work of Smith, Andrewes, and Laidlaw, 
in London, and Francis and Shope, in the United States, whose work he 
describes without mentioning their names or giving references to their 
papers. 

The whole iiook is unscientifically presented, is tiresomely repetitious and 
unworthy of consideration. H. P. 


Die Tuberkelbazillamie in ihreu Auswirkung auf die Gesamtmedizin. 
By Prof. Dr. Ernst Loewenstbin, Vienna, mit einem klinischen Teil 
von Prof, Dr. Carl Reitter, Prof. Dr. Wilhelji Neumann und 
Prop. Dr. Otto Kren. Pp. 388; 4 plates, 2 of them colored. Leipzig: 
Franz Deuticke, 1936. Price, Paper, M.20; Bound, M.23. 

This book represents the picture of tuberculosis gained by the author 
after 35 years of laboratory research on its pathogenesis. The views of 
Loewenstein, some of which are revolutionarjq are now well known through- 
out the world. They have elicited confirmato^’’ eNdence in widely sepa- 
rated quarters and much controversy. This is not the place to discuss 
tiic merits of the opposing views. Loewenstein’s book sen’es the useful 
purjjose of bringing togetlier between tw’o covers statements of his theories 
on each of the varied pathologic states in which he feels the wus of tuber- 
culosis is concerned, theories built on eNdence previonsl}’’ vldely scattered 
in the cun-cut medical journals. In analj'zing his jiicture it is perhaps 
in order that, distinctive and indi\idualjstic as it is, it represents but one 
phase of the still larger revolt against the conventional bacteriologA’- of 
Uu^ercnlosis. The gramilar forms, the ultravirus and the dissociated forms, 
nave luled the literature in recent years. Loewenstein, using a medium and 
culture method of now universally recognized value, has perhaps dejiarted 
tlic fUTthc.st from the-convcntional field. According to his view the typical 
.anatonuc tuberculous .stnicture repre.sents but a short facultative phase 
m the cycle of tuberoulosi.<, a disease, in his ojiinion, characterized by a 
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■whole serip of non-nodular ailments, ha-^nng in common only their origin 
through _ the tubercle^ bacillus, and more specifically a tubercle Bacillus 
bacillemia. ^ His studies ha'\’'e brought him to include in his picture 'wide 
variability in the form of the -virus of tuberculosis, not uncommon fetal 
transmission, frequent alimentary origin, baciUemia in all forms of the 
disease, and a tubercle Bacillus bacillemia in such dissimilar diseases as 
pulmonary tuberculosis, rheumatoid arthritis and dementia pracox. The 
present volume, well printed and in handy size, affords easj' opportunity 
for examining in detail the evidence back of these ^^ews. E. L. 


The Surgical Clinics of North America. Vol. 16, No. 1 (Chicago 
Number — February, 1936). Pp. 356; 78 illustrations. Philadelphia: 
W. B. Saunders Company, 1936. Price, Paper, 812.00; Cloth, 816.00 
(per clinic year, Pebruaiy-December, 1936). 

T^is, the first number of the 1936 series, inaugurates a new kind of 
clinical presentation. To quote from the publishers; “In this, and in 
future Numbers, we shall present a Symposium on some surgical subject 
of universal interest. The Symposium in the February Anmber on Can- 
cer of the Cervix, wiU show’ how the practical phases of the subjects are 
presented. The purpose of these Symposia is to give the practicing surgeon 
the benefit of the actual clinical experience of recognized authorities in the 
diagnosis and detailed management of his o'wn cases — disease as it is 
encountered in daily bedside practice. 

“The balance of each Number will present approximately fifteen clinics 
on almost every phase of surgery— the head, neck, thorax, abdomen, the 
genito-urinaiy tract, obstetrics, gjmecologj’, the extremities, etc. And 
here again, we shall present the management of run-of-practice surgical 
conditions. The recitation of long case histories, the inclusion of rare 
surgical conditions and the too highly scientific and abstract problems of 
surgery will find no place in these new’ Surgical Clinics.” In the present 
number, for instance, there is a 68-page article on Manipulative Surgerj' by 
Dr. Philip Lewin, while Appendicitis (Bevan), Sprains (Jennings), Fracture 
of the Jaw’ (Moorhead), Spastic Paralysis (Chandler), Breast Cancer 
(Malcolm) and Gangrene (de Takats) receive extended treatment. 

E. K. 


The Thyroid, Surgery, Syndrojies, Trbat.ment. By E. P. Sloan, 
M.D. Edited by Alembers of the Sloan Clinic, Guy A. Sloa.v, M.D.; 
H. P. Sloan, M.D.; Frank Deneen, AI.D.; H. iV. Wellmerllng, 
M.D., and 0. H. B.all, M.D. With a foreword by Williaji Sba.man 
Bainbridge, M.D. Pp. 475; 99 illustrations. Springfield, 111.: Charles 
C Thomas, 1936. Price, 810.00. 


Dr. Sloan states in the preface to this verj’ interesting and instructive 
monograph that, “the aim of this book is to recount the worldng theories 
and conclusions of a surgeon who has devoted 25 years of his life exclusively 
to goiter work.” The work is not intended to be encyclopedic. There are 
20 chapters, 16 of which are directly concerned with the thyroid gland; 
I on parathjToids, and 1 on tln-raus. One chapter consists of a short his- 
toric Bun-ey and the final one is on nomenclature and classification. I here 
is a good working bibh'ography and an excellent index of subjects and names. 
The chapter on General /Vnatomy and Physiologj’, while interesting, is 
much too brief for a monograph of this size. It is the weakest part of tlie 
volume and will prove disappointing to tho:^ who look to it as a referc^c 
work.- The chapters on ctiologj*, prophylaxis, pa hologj', sjTOptoinato o^ . 
prognosis and surgical anatomy are extremely well done. I lie illu.slr.ition.-. 
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of the surgical anatomj^ of the neck, several of which are in color, are splen- 
did. In the chapter on preoperative treatment, the medical care of the 
patients who also have severe cardiac disease could have been well amplified. , 
Certain of the drugs used by the author in the thyro-cardiac are not generally 
used# 

It is stated that iodin is best administered in the form of Lugol’s solution, 
but that some patients tolerate iodoform better. The evidence at present 
strongly indicates that the iodin in Lugol's solution is absorbed from the 
intestinal tract in the form of sodium iodid, a form in which it can be reaclily 
administered. The sections on operative technigue and postoperative 
management are full of the author’s ideas gained' from an extensive ex- 
perience in thyroid surgery. 

The criticisms which have been enumerated are more than offset by the 
wealth of material which the author and his associates have placed in this 
monograph. It is much more than a surgical treatise. It should be a real 
value to a large group of practitioners whether they be in private practice 
or public health work. The publisher should be commended for the paper, 
the type and the format, which are excellent. I. R. 


The Chemistry op Natural Products Related to Phenanthrene. 
By L. F. Fieser, Associate Professor of Chemistry, Harvard University. 
A monograph of the American Chemical Society series of scientific and 
technologic monographs. Pp. 358. New York. Reinhold Publishing 
Co., 1936. Price, $6.50. 

The publication of this monograph is very timeljL Since the original 
• clarification in 1932 by Rosenheim and King of the structure of bile acids, 
tiiere has been a great increase of knowledge concerning the structure and 
physiologic properties of a host of chemical substances of the class of sterols 
related to either cholesterol or coprosterol. It appears that Nature is 
exceedingly partial to certain cliemical configurations and reverts to them 
time and time again in her que.st for “functional” agents. Thus, bile 
acids, cholesterol, vitamin D, tlie female and male sex hormones, embiyonic 
“cell organizers” and cardiac stimulators all have in common the skeleton 
structure, phenanthrene cyclopentane. Add to these substances certain 
carcinogenic compounds which are related chemically to the above, and it is 
easy to realize the prime importance to medicine of this line of chemical 
development. 

Fieser, himself engaged in research upon “carcinogenic sterols,” treats 
the whole subject with_ admirable clarity and eAudent enthusiasm. Tlie 
material is so well organized that a non-chemist can find large profit in even 
the purely chemical sections. The volume is not ohl}’^ a reference work, but 
an exceedinglj' readable fundamental text. It is whole-heartedly recom- 
mended to all readers. D. D. 


Strength Out of Suffering. A ti’anslation of “Servitude et Grandeurde 
la IMaladie.” By Fr.-vnce Pastorelli. Pp. 224. Boston; Houghton 
Mifilin Company, 1936. Price, .81.50.. 

_ Tins autobiographic book has also appeared in France and England, each 
tunc under a differept title. For 15 years an invalid, the last 4 spent in bed, 
this sufferer from incurable heart disease tells us that from the first, a 
famous jirofessor gave her but one more j-ear of life. Frustrated in her 
euort to be a pianist —and her talent was verj^ decided— she evolved a 
lilulosophy of sorrow, souglit and found solace therein. IMiat the Madame 
does not tell, though her “case historj’-” reveals, is, that she likewise has a 
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psj^choneurosis. However, grateful for her adjustment, she is endeavorin'^ 
to aid all hopeless sufferers. But this rather poetic and praj’erful presenta“ 
tion, shows top little restraint and too much emotion to benefit any but the 
psychoneurotic in need of an emotional outlet. Iv. Y. 


Ueology in Women. A Handbook of Urinary Diseases in the Female Sex. 
By E. Catherine Lewis, M.S. (Bond.), F.B.C.S. (Eng.), Surgeon to 
the Eoyal Free Hospital; Surgeon and Urologist to the South London 
Hospital for Women. Pp. 100; 31 illustrations, some in colors. Second 
edition. Baltimore: William Wood & Co., 1936. Price, $2.25. 

The purpose of this small work is to present only the urologic lesions 
peculiar to women. The incompleteness necessitated by such a scope 
rather limits the usefulness of the book by making it an adjunct to larger 
works on surgerj' or urology. An interesting discussion of the rather rare 
lesion of endometriosis of the bladder is noted, as well as a section on vesical 
neck obstruction. Among the reiusions are the discussion of changes of the 
ureters during pregnancy and menstruation, the dietarj' treatment if 
pyelitis and on nephroptosis. There is a marked tendency to recommend 
proprietary therapeutic agents by their trade names. The subject matter is 
well handled and the book should be useful, though in no sense a work of 
reference. P. W. 


Illustrious Contributions to Public Health. A Souvenir. Prepared 
for the Dedication Exercises on Tuesday, November 26, 1935. By 
Cilvrles Frederick Bolduan, M.D., Department of Health, City of 
New York. Pp. 33; illustrated. Privately printed, 1936. Price, $1.00. 
(Can be obtained from the New York Academy of Medicine.) 

When the new public health building was planned for New York City, 
the New York Academy of Medicine was asked to select 29 illustrious con- 
tributors to public health whose names were to be car\'ed on the frieze of 
the new building. This brochure gives a brief account of the distinctive 
contributions of each, 11 Americans, 7 English, 3 German and so on from 
Moses to Biggs. With a jiaragraph or two for each, and each illustratecl 
vuth a portrait, this booklet gives a pleasant approach to the history of this 
important subject. E- N- 


The International Medical Annu.al. Fiftj'-Fourth Year, 1936. A 
Year Book of Treatment and Practitioner's Index. Editors : H. Letheby 
Tidy, hl.A., M.D. (Oxon.), F.R.C.P., and A. Rendle Short, M.D., 
B.S., B.Sc., F.R.C.S., with 36 Contributors. Pp. 555; 73 illustrations 
and 81 plates, some in colors. Baltimore: William Wood & Co., 1936. 
Price, .$6.00. 

•This volume opens with Osier’s truism that a textbook of medicine must 
not be a yearbook. Conversely, a yearbook, which, like minutes, “must 
record the jiroceedings of the previous year," can offer infonnation or leads 
to the student of medicine not to be gleaned from textbooks and only too 
widely scattered in current journals. Taken in tins way yearbooks have 
their places, and when thev arc done as well as this one and by a.s dis- 
tinguished a group of contributors, their value is assured. As usual, grea 
skill has been shomV in condensing a large amount of niatcrial into small 
space. The emphasis on treatment reflects the practic.ai nature ot me 
British clinic. 
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Mkdical Papers. Dedicated to Heiuy Asbury Christian, Physician and 
Teacher. Prom his present and past associates and house officers at the 
Peter Bent Brigham Hospital, Boston, Mass. In honor of his Sixtieth 
Birthday, February 17, 1936. Edited by Egbert T> Monroe, Peter 
' Bent Brigham Hospital, Boston. Pp. 1000; illustrated. Baltimore: 
The Williams & Wilkins Company, 1936. 

This handsome volume composed of over one hundred valuable medical 
papers, is mitten by Dr. Cliristian’s present and past Associates and House , 
Officers. It contains not only much useful and entirely practical information 
for every day application in general medical practice . Even more important 
at a period ■when Medicine, in common with other professions, needs^ in- 
spiring leadership, there are two articles that successfully outline a viAud 
word picture of the man whose wholesome influence has greatly inspired 
both his intimate associates and other physicians coming into intimate 
contact mth him. In an essay entitled, “ An Appreciation,” by “ W. T. Y.” 
a reader who is not fortunate enough to have been one of Dr. Christian’s 
“Boys,” may learn the influences, hereditary, environmental and personal 
that caused Dr. Christian to become the medical leader that he is uni- 
versally admitted to be. “W. T. V.” states, “He (Doctor Christian) has 
combined mthin him those attributes which make him, in all probability, 
the greatest living trainer of men in internal medicine.” The present re- 
viewer, who possesses limited accurate information concerning medical 
leadership outside North America, is in perfect accord with “W. T. V.’s” 
statement and sincerely wishes for the sake of American Medicine that 
every medical school and evep^ medical center could be equally fortunate 
in its sources of medical inspiration. Dr. Christian made a statement, in 
addressing a Fellowship of the American College of Physicians, a few years 
ago, that makes one pause. He said, “Physicians may be divided into two 
classes and two classes only: those who are learning and those who are 
forgetting: Those who each year know more and tliose who each year Imow 
less: there is no third class.” The physician who reads the volume of 
medical papers, dedicated, very properly, to this distinguished leader of 
medicine at a time when he is in his productive years, null have, under 
pleasant and thought productive auspices, continued in the class of physi- 
cians who are a credit to their profession. E. B. 


Interpret.\tion of Laboratory Findings. By Raymond H. Good.aee, 
M.D., Pathologist, City Hospital, Worcester, Massachusetts; Visiting 
Pathologist, Belmont and Fairlawn Hospitals, Worchester, etc. Pp, 
170. Philadelphia: F. A. Davis Company, 1936. Price, S2.25. 

Dr. Goodaee has attempted to place into a small handbook a brief 
account of the more important laboratorj'' data for the purpose of assisting 
R physician in an economical laboratory investigation of a disease. Obvi- 
ously to incorporate the data in a small 170-page volume means the briefest 
possible suInmar 5 ^ However, one may find here the answers fo many 
questions that ma}' confront the clinician. 

Of the 4 parts, _ Part One (“Normal Values and Interpretation of Ab- 
norinal l^'nlues”) is complete enough for the ordinary’’ routine tests. The 
number of subjects covered is limited to those few that are well kno'um, and 
tliose in which the tephnicalities are about the same in each laboratory. 

in 1 art Tiro (“Diseases with Associated Laboratory Findings”). The 
useful tests are grouped according to disease, and their average findings are 
Ihjs should prove helpful to internes in formulating a plan of 
? -o nivestigation and follow-up. These data when coupled 

inth the cluneal hrstor}' and phj-sical findings should make an adequate 
and economical work-up for the patient. 
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_ Part Three (“The Physiologic Pathology of Body Fluids and Excreta”) 
IS brief. It is excellent in the topics covered. Much knowledge of this type 
should be obtained by every practitioner. 

Part Four (“Preparation for Laboratory Procedures”) includes the 
ordinary tests as outlined in Part One, and is adequate. 

It is felt that if this book is consulted, there will be a marked improve- 
ment in the choice of tests, especially by internes, with a consequent lowered 
cost of medical care to the patient. J. B. 


On Percussion of the Chest. Being a Translation of Auenbrugger’s 
Original Treatise Entitled “Inventum no^nlm ex percussione thoracis 
huraani, ut signo abstrusos interni pectoris morbos detegendi.” [Vienna, 
1861.] By John Forbes, M.D. [London, 1824]. Introduction by Henrj^ 
E. Sigeri.st, Pp. 31; 2 illustrations. Baltimore: The Johns Hopkins 
Press, 1936. Price, 75c. 

How many physicians among the thousands daily practicing percussion 
know that it was discovered by Auenbrugger less than two centuries ago? 
How few among those that have this knowledge have read the brief 48 ob- 
servations and scholia whose pubh'cation signalized the discovery? Without 
probing for an answer which would perhaps be humiliating, let us dwell on 
the pleasure and value to_ physician and medical student of this adequate 
inexpensive booklet containing John Forbes’ translation, the only one ever 
made into English. In fact, this and Neuburger’s quadrilingual reprint of 
1922, the bicentennial of Auenbrugger’s birth, are about the only places 
where an English translation can be found. The Latin original is practically 
unobtainalile and even Corvisart’s French translation (180S) a scarce 
treasure for the medical bibliophile. Sigerist’s introduction, reprinted from 
the Bulletin 'of the Hopkins Institute, gives a useful setting to the author 
and his book. One wishes it could have been longer, perhaps the most 
successful achievement for an introduction. E. K. 


Medical History of Contraception. By Norman E. Huies, Ph.D., 
Medical Foreword by Robert Latou Dickinson, M.D., F.A.C.S. Pp. 521 ; 
30 illustrations and 29 tables. Baltimore: The Williams & Wilkins Com- 
panj', 1936. Price, .57.00. 


In the short time in wliich contraception has occupied medical and public 
attention to any notable extent, more than the usual amount of acrinion}' 
based on ignorance has been developed. In this field especially, then, is 
an impartial historic study of great practical as well as cultural value. A 
medico-social borderland, it has now been appropriatelj' investigated by a 
sociologist whose work was scanned by a medical editorial board. 

To many it vill be a surprise that the practice of In'rth control is wiiie 
spread in primitive ]ieoples (rather stiffly called “prelitcrate societies” by 
the author) and that the Kahun pap 3 'rus (ca. 1850 B.C.) contains contna- 
ceptive prescriptions. If Lippert's generalization is correct, " The farther a 
notion reaches back into primitive times for its origin, the more unlycrs.nl 
must bo its extent, and its jiower in histoo’ is rooted m this universality, 
then we are dealino- with a powerful force indeed. In this scholarly book the 
first five parts deaf with Contraceptive Technique in dilTcrent past ages and 
localities while the last and longest jiart deals with the pre.^ont and future. 
\n idea of relative emphasis is furnished by the greater number of index 
references to .Sarton or Soranus than to Margaret Sanger; and to R. E. 
Dickinson than to Slopes, and so on. The material collected is comiire- 
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hensivc and well documented. It is treated in such a scholastic manner 
that not onty wU the prurient be disappointed but the legitimate reader will 
find much of the going dry if not dusty. This is a minor fault, if fault it be, 
in such a subject. If the book succeeds, as it should, in impressing on its 
readers the past and present significance of the birth control movement, 
it is indeed valuable. ' ■“* 


NEW BOOKS. 

Chemical Procedures for Clinical Laboralories. By Maiuobie R. Matwce, 
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THE PRESENT STATUS OF THE CLINICAL USE OF CEVITAMIC 
ACID (ASCORBIC ACID) (CRYSTALLINE VITAMIN C). 

The difficulty of presenting a detailed review of tire present status 
of knowledge concerning vitarnin C becomes at once apparent when it 
is realized that, in the single year, 1935, approximately one thousand 
articles appeared throughout the world dealing with this substance and 
that, at present, new papers are being published at the rate of about 
fifty each month. The author has, therefore, elected to attempt to 
point out the significant trends along the lines of which profitable 
investigation is being engaged in and to present critical comments on 
present and past studies. In addition, original work based on our own 
research will be included where relevant. 

The Chemistry of Cevitamic Acid.— The antiscorbutic properties of 
the citrus fruits and certain other substances have long been recognized, 
and numerous workers, notably Zilva,'~*® Hess,*’®-^^ Tillmans'*-'^" and 
tbeir co-workers were engaged for years in an attempt to understand 
and to isolate the active principle involved in this action. It remained 
lor Szent-Gydi-gyi’® to isolate hexuronic acid in 1928, but its idontik\' 
with crystalline vitamin C was not recognized until 

This substance is an odorless, white or yellowish white^ crystalline 
jiowdcr with a melting point of from 189-192° C. The acid titration 
corresponds with the formula CcHsOg.''’'*’®* A summary of its physical 
and chemical properties with references may be found in a previous 
paper,"® It was first isolated from cabbages, oranges and adrenal cortex 
substance and later from adrenal medulla, corpus luteum, lemon juice, 
paiirika, green pepper, gladiolus, iris, skunk cabbage (symplocarpns 
fietulus), parsley, watercress and other sources. It has been syntlic- 
sized" a.s well as a nunilier of analogues and derivatives of wliich some 



720 


PROGRESS OF MEDICAL SCIENCE 


such as c?-arabo-ascorbic acicl/®-®^ /-rharano-ascorbie acid (the enantio- 
morph of the fully active 1-ascorbic acid) are inactive.®^ 

The .Vitamin G Content of Common Foods. — The question as to 
whether the average diet contains sufficient vitamin C to compensate 
for normal utilization and loss has received careful consideration. Van 
Eeclden and Wolff®^’®" have determined that a person of 70 kg. body 
weight needs about 50 mg. of ascorbic acid a day. Among the Dutch 
population the average mean intake in their studies equalled 91 mg., 
the lowest value being 55 mg. and the highest 124 mg. Intake is largely 
influenced by the consumption of citrus fruits and potatoes, although 
many vegetables and fruits contribute to the total. There is a consider- 
able variation in the vitamin C content of citrus fruits and tomatoes 
and this is even more marked in the commercial juice products.®*’'*'^ 
(For lists of vitamin C content of foodstufls, see Refs. 66 and 64.) It 
should be noted that, while breast milk usually contains sufficient 
vitamin C to protect against scurvy, cow’s milk taken directly from the 
udder contains only ^ to f as much vitamin C as breast milk. F urther 
loss in cow’s milk is produced by: 1, pasteurization; 2, ageing, especially 
in light; 3, reheating'^® and usually 4, dilution before it reaches the infant. 
Hence,^ there is a need for supplementary use of citrus fruit juice or 
other forms of vitamin C in infant feeding. The cow is known to syn- 
thesize its own vitamin C and not to depend on its content in the food. 
It is, therefore, unlikelj’’ that this condition can be affected significantly 
by changes in the cow’s diet.*'* Chakraborty'^'*-'^'’ was, however, able to 
increase the vitamin C content of humans’ milk 1.5 times by the ailmin- 
istration of increased amounts (109 mg. daily) of ^^tamin C. This has 
been confirmed by Sellig and King.'^^ 

The Utilization of Vitamin C in the Body. — The utilization of vita- 
min C, taken by mouth, is not fully understood. A considerable amount 
is probably lost in the stool, varying amounts are excreted in the urine, 
and the remainder appears to be stored, iitilized or resecrcted as, for 
example, in the saliva.^- It has been demonstrated in various body 
tissues and fluids, as, for example, the adrenal,^^ pituitary,^^ ovary,'' 
possibly tumors,’^'’'*' blood serum,’^ cerebral spinal fluid,’''”*'’*’-'' sweat, *'^' 
aqueous humor”’*”''’*-'' and in the urine by many Avorkers. 

The urinary excretion of A-itamin C is of importance in helping to 
determine the state of A’itamin C nutrition of an indiA’idual. Harris 
-and Ray” reported that the urine of normal individuals shoAA'cd a 
rather constant daily qviantity of cevitamic acid averaging 30 to 33 mg. 
per day. ’Fliis uniformity in daily excretion of A’itamin C has not, 
hoAvcA'cr, been found by otiier A\-orkcrs, including ourselA'cs;®^’’’-'’ Johnson 
and ZilA’a,*" for example, conclude that there is no definite standard of 
normality as regards urinary excretion of cevitamic acid in man_ and 
cite instances in which the daily excretion reacherl as much as 70 to 
1.50 mg. In our e.xperience, the a\’erage normal excretion has been 
20 to 30 mg. daily; rarely has it reached 3.5 mg. It has been found thia 
further information regarding the degree of so-called ‘'vit.-imin C 
saturation” of the bodv can be obtained by the use of what is knoAui as 
a “test-dose method.’’”’*-*''-*''' The response to the ti'st dose winch 
should be large (500 to 1000 mg. of ceviUunic acid by mouth) dejiemts 
largclv on the A’itamin C dietary intake previous to the test. AormallA , 
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the response in vitamin C excretion approximates 30% of the test dose 
within 24 hours. The peak of the excretion is reached dm'ing the second 
and third hours with a gradual return to the normal level towards^ the 
end of the 24 hours. A return of 20% or less represents a suboptimal 
state of storage. If daily large doses of cevitamic acid (100 mg. or more) 
are given, there will be a gradual increase up to 76 or more per cent. 
Scbultzer found this level to be 50% in his_cases.®» This is considered 
to represent a state of vitamin C saturation for the individual, and 
continued equal dosage will not elevate the level of excretion in that 
person. In other words, the total ability of the individual to use or 
store vitamin C has been reached and the organism throws off a very 
high percentage of the dosage, when the sources of loss are considered. 
That this ability to store vitamin C is very limited is easily demon- 
strated by the rapidity with which the urinary excretion and blood 
level, to be considered later, drops on a vitamin C-free diet. As empha- 
sized by Youmans ot the state of saturation probably does not 
represent an optimal or normal storage of vitamin C but is an artificial 
state produced only Ijy the intake of large (excessive) doses of the vita- 
min. The aljove statements apply only to the normal. As will be 
pointed out latei-, many factors may change the vitamin C metabolism 
and alter the urinary excretion markedly. 

Sources of Error in Vitamin C Determinations.— Since methods for 
determining the urinary vitamin C and the test dose technique are 
being more generally used, a few words of warning are in order regarding 
the common sources of error which have invalidated some of the pub- 
lications dealing with this subject. Certain other reducing substances 
found in normal urine, namely, glutathione, cysteine and ergothioneine, 
are felt l)y Van Eeckelin'’® to constitute a definite source of error. He 
also found in the urine of some diabetics another reducing substance 
which he felt was probably a thiosulphate. These constituents have 
not been generally considered to be present in sufficient quantities to 
change the determinations significantly, but thej>' can be removed by 
precipitation with mercuric acetate before titration. The method of 
determination most generally employed was introduced by Tillmans^^'^ 
and modified in varying ways by many groups of workers. The prin- 
ciple involved rests on the reduction of the cevitamic acid in the un- 
known by titration against the dye 2 to 6 dichlorphenol-indophenol. 
It was soon found that the vitamin C content measurable dropped 
rapidly on standing, and we have studied at some length the factors 
producing marked error in the results.®-* The findings may be briefly 
summarized as follows; The dye must be carefully prepared including 
several washings Avith ether to remove a pink impurity which frequently 
interferes with the end-point readings. Harris and Ray'® state tha"t 
**■.■ ■. urine should be titrated immediately it is pas.sed, or, if 

this is impracticable, 10% by volume of glacial acetic acid may be 
added as a preservative. Under such circumstances, the vitamin C in 
the urine luay be preserved for about 10 to 12 hours with relatively 
little loss.” V e have found, however, that the loss, under such circuni- 
.stauee.s, could l)c considerable. Thirteen experiments were performed 
in which fresh specimens of urine, acidified 10% by volume with glacial 
acetic acid were titrated immediately, and 2, 4, 6 and 24 hours later, 
b nder ordinary conditions of light and room temperature, the loss, dur- 
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ing the stated times, averaged: 14.6%, 30.4%, 37.6% and 78.5% 
respectively, yet, papers have been published based on 24-hour speci- 
mens preserved as above outlined. The loss is greatly lessened by 
keeping the specimen in -the dark or in dark brorni bottles and at ice- 
box temperature or on ice. Acidifying the urine was definitely impor- 
tant, but, in our studies, sulphuric acid added until the urine reached 
a pH 3, as suggested by Johnson and Zilva®® gave a greater preservative 
power than the acetic acid above mentioned. The use of toluene or 
mineral oil produces no preservative effects. If the m-ine must stand, 
the least loss, in our experience, will occur if the specimen is acidified 
with sulphuric acid to pH 3 and is kept in the dark at ice-box tempera- 
ture. Under these conditions, the specimens showed generally no loss 
in the first 6 hours and varied from no loss to 12.2% loss in 24 hours. 

The Vitamin C Content of the Blood. — The vitamin C content of the 
blood has also been studied carefully to determine its significance as an 
index of the state of vitamin C nutrition of the individual. There are, 
at present, great differences of opinion regarding the state in whicli 
cevitamic acid is present in the blood and also the value of its le\'cl as 
an index of the vitamin C saturation of the body. Van Eekelen and 
his co-workers‘'“’“'’ have studied the amount of cevitamic acid which 
they claim occurs in the blood in a reversibly oxidized state. Kellie 
and Zilva,°‘ on the other hand, have presented evidence that the blood 
does not contain the reversibly oxidized form of the vitamin. Plant 
and Bulow®'^ feel that, in the blood, it is mainly present in the reversildy 
oxidized forms, that the reduced form is found especially in a high 
Autamin C diet, and that A^ariations in the ceAutamic acid in the blood 
affect only the reduced form. They feel that cevitamic acid cannot be 
oxidized in the bl()od either in vivo or m vitro. Mirsky, Sivadesh and 
Soskin®' haA'e modified the method of Van Eekelen in order to determine 
Avhat they consider to be the total content of ascorbic acid present in 
the reduced form, any oxidized material being conA^erted to the reduced 
form by the procedure. They state that by this metliod, they hav'e 
been unable to determine any correlation between the total ceA'itamic 
acid content of the blood and the dietary regime. Farmer and AbU’ 
luiA'C presented a macro and a micro method of determining the reduced 
ascorbic acid in the blood. They find a definite correlation betAveen 
this blood leA’cl and the A-itamin C intake. 

The interpretation of the blood determinations by any of the sug- 
gested methods is also a matter of serious debate at present. Using 
the method of Farmer and Abt, aa'c liaA'c found a normal blood IcA-el in 
adults to rest betAveen 0.7 and 1.3 mg. per 100 cc. This agrees rather 
closely with the findings of Gabbc’^ and Farmer and Abt (in children). 
These figures can be made to A'ary considerably by a short abstinence 
from or intake of large doses of A-itainin C. The A-ahie of a .single reading 
is, in onr opinion, questionable. Wc haA'c studied the effect of the intra- 
venous injection of a large amount of vitamin C (1000 mg.)* on the blood 
levels in patients Avith a previous poor intake of vitamin C and in tliosc 
AA-ith a <mod vitamin C intake.®’ There are three important features to 
the normal response to this test: 1, an immediate rise in the blood level, 
Avhich, at 15 minutes, is fouml to be at 4 to 10 mg. per 100 ce. of blood 

* Covit.imic ncifl used in our studies wils supplied tiirouph (ho kindne-i of Merck 
d: Co., Rahw.iy, N. Y. 
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plasma; 2, a high “normal” level at the end of 3 hours; 3, the excretion 
in the urine of 45% or more of the amount injected during the following 

In a patient with a poor previous intake, the initial rise in the blood 
is decidedly less high and the urinary exci’etion is markedly lessened, 
both showing a tendency to. storage. This test probably represents our 
best method for determining the vitamin C saturation state of a given 
individual. Similar results can be obtained by oral administration of 
the vitamin, but the intravenous route obviates the possibility of loss 
through lack of absorption. 

The Fragility of the Minute Vessels of the Skin and Its Relation to 
Vitamin C Metabolism.— Another approach, long used to indicate the 
state of vitamin C nutrition of the body is the determination of the 
fragility of the minute vessels of the skin. In its crudest form, it was 
known as the tourniquet test (Rumpel-Leede phenomenon) and it has 
since been termed the “capillary fragility” or “capillary resistance” 
test, depending on the modification of the original method used. As 
noted above, it should more correctly be termed to include the “minute 
vessels of the skin,” including venules and arterioles, since many of the 
small hemorrhages produced by Avhichever of the methods used are 
macroscopic and in the opinion of Marquardt®“ due frequently to the 
rupturing of the venules. Hess and Fish®® suggested the relationship 
between the fragilitj'’ of the minute vessels and scurvy in infants in 1914. 
Since then numerous workers have studied this phenomenon, using vary- 
ing methods with the result that there are at least three distinct schools 
of thought regarding the value of this method in the determination of 
the vitamin C nutrition of the body; I. Those who believe that the 
phenomenon is useful and important and who believe that a positive 
pressure method is probably the most satisfactory; (a positive pressure 
method is one in which a blood pressure manometer cuff is applied on 
the upper arm, and the pressure is raised to a level sufficient to block 
the veno\is return flow) (50 mm. Hg; Gothlin®'') halfway between dias- 
tolic and systolic pressures; Wright and Lilienfeld.®®'®® After 15 min- 
utes the pressure is released and the petechire visible to the naked eye, 
within a definite sized area, are counted. Schultzer,®® Stocking,^®® 
Gedda*®^ and others have had wide experience with this type of tech- 
nique; II. Those who believe that the phenomenon is useful and impor- 
tant and w'ho feel that a negative pressure method is more reliable and 
acceptable. (A negative pressure method is one in which suction of 
varying degrees is applied to the skin for arbitrary periods of time and 
either the degree of negative pressure necessary to produce rupture" of 
the minute vessels or the number of hemorrhages produced within a 
given time is accepted as indication of the degree of capillary resist- 
ance.) Leading exponents of this type of technique have been Hecht,*®® 
Wiemer,'®® Cutter and hlarquardt,®®® Da Silva-Mello,®®® Dalldorf,^®®-!®'? 
Brock and jMalcus®®® and Cutter and Johnson;®®® III. Those wdio feel 
that studies of the vitamin content of urine and blood, as above out- 
lined, reveal the entire picture and that the so-called “capillary fragility 
tests ’ are misleading and of little value. Among workers who have 
presented evidence along this vein are Abt, Farmer and Epstein,®®® 
Goettsch,®’® ATiderson, Hawley and Stephens.®'® 
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For detailed reports concerning the above ^’iewpoints and evidence 
presented, the reader is directed to the references given above, but 
certain comments seem worthy of presentation here. First, one impor- 
tant concept seems to have been lost sight of too frequently in the dis- 
pute between those favorable to the use of the fragility of the minute 
vessels l)y one method or another, and the chemically minded group, 
namely, that the vitamin C saturation or laek of saturation and the 
clinical disease, scurvy, are two different conditions. To enlarge: an 
individual may be on a vitamin C-free diet for a very long period of 
time without developing clinical scurvy, and yet, by chemical studies 
of the urine and blood, may reveal a marked condition of vitamin C 
unsaturation. Conversely, a patient with severe scurvy may show a 
rapid chemical re.sponse to the administration of large doses of vitamin 
C, yet still have evidences of the disease, scurvy. If the vitamin C 
dosage is continued, these will, however, quickly clear up. Schultzer,'"’® 
in 1933, and the author,®® in 1934, reported early studies of the effect 
of cevitamic acid on the “capillary fragility" in cases of scurvy and 
since, these authors and others have confirmed their observations, 
namely, that, in scurvy, the fragility of the minute vessels of the skin 
is increased and that the administration of cevitamic acid produces a 
return to the normal status coincidental to the cure of the disease. 
While the chemical tests, therefore, probably gi\-e the more accurate 
picture regarding the degree of vitamin C saturation of the Imdy, it is 
our feeling that the fragility of the minute vessels is among the earliest 
signs of scurvy and response to cevitamic acid therapy can be well 
followed by careful observations of the capillary fragility. 

It should be clearly undemtood that a n\un!)er of conditions, stich as 
thrombocytopenic purpura, poisons such as neoarsphenamin, and carbon 
monoxide, toxins such as those of scarlet fever and diphtheria, metabolic 
products associated with anemia and acetonemia, menstruation, and 
others, may produce an increased capillary fragility. .A. history of low 
vitamin C intake, a high cajjillary fragility and a response to cevihimic 
acid therapy with a resultant return to normal figures is certainly sig- 
nificant and a common occurrence on the wards of Bellevue and Post- 
Graduate Hospitals. Tlicsc tests have been criticized as being variable 
and not accurate within narrow limits. This might be said of many 
extremely important tests used in medicine and certainly of many 
chemical tests commonly accepted as helpful. Fluctuations of a few 
petechia: more or le.ss are of slight significance, I)Ut, when a patient has 
120 or more petechial spots with scurvy or a prescorbutic condition 
'(by the method reported'^) with a reduction to 12 to lo petechial spots 
within 2 to 4 weeks of treatment coincidental with clinical cure, it 
would seem an important observation. 

.-V disadvantage of the incrca.«cd pre.ssure method is that, by alternat- 
ing arms, the tests can be done only about every 4 days, 8 days allowing 
time for liealing of the ruptured vessels. On the other hanri, large areas 
can be marked oft for observation. Gothlin and his fellow workers use 
an area 0 cm. in diameter at the elbow crease. We feci that the skiti 
below the elbow is more even in texture and in distribution per unit area 
of minute vessels, and have, therefore, uscal two circles each 2..') cm. in 
iliameter, the upitcr edges of which are 4 cm. below the elbow erea.-e. 
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The average counts are used. Some of the unfavorable reports con- 
cerning the value of this phenomenon have come from workers using 
the negative pressure methods.^^®’^^^ Studies of the skin vessels during 
the past few years have demonstrated to us“^~^^® that the number of 
minute vessels, especially venules, present in different areas of skin 
varies very markedly. When a small suction cup 1 cm. or less in diame- 
ter is used over various areas of the extremities or the body, the results 
may be invalidated unless careful vessel microscopy studies are done 
first, to determine the presence of a large enough number of minute 
vessels to render a satisfactory test possible. This factor has not been 
considered in the reports of the above-mentioned workers. This objec- 
tion is overcome when larger areas are studied. 

A brief illustrative case report®^ may clarify the relationship of the 
chemistry to the capillary fragility. For many months the patient 
concerned and her husband lived on a total income of $1.75 a week 
for food, and inquiry revealed the fact that during that time, practically 
no vitamin C containing foods were taken. She noticed a marked ten- 
dency for easy bruising and for hemorrhages to appear under her toe 
nails. (We have seen several patients in whom this symptom was 
prescorbutic.) About 2 months before admission to the clinic, she 
began to eat an orange about once a week and added a few other vitamin 
C containing foods to her diet rarely. On July 1, 1936, the capillary 
fragility test by the method we have descriiDed®® produced 63 petechire 
(0 to 10 being normal and 10 to 20 the upper marginal zone). This was 
definitely pathologic, but the 24-hour urinary excretion was 27.37 mg. 
and the blood level 0.95 mg. %, both normal. A complete blood count 
including platelet coimt was normal, and the sedimentation rate was 
12 mm. in 60 minutes. A saturation test, injecting 1 gm. intravenously, 
produced a return of 873 mg., indicating a condition of satisfactory 
saturation. After 4 more doses of 1 gm. intravenously in 6 days, the 
capillary fragility test produced 22 petechise which disappeared within 
12 hours, while, after the preceding test, they were still plainly visible 
after 24 hours. Injection of a 2 gm. test dose intravenously produced 
a return of 92% (1842.4 mg.) in 24 hours, indicating a condition of 
marked saturation. She received a total of one dose of 1 gm. and one 
dose of 2 gm. in 7 days, and a capillary fragility test showed 30 petechice. 
For the next 6 days, she took 1 gm. a day by mouth. At the end of that 
period, the fragility test produced only 12 petechice, practically within 
normal limits.^ Her general condition had markedly improved. She 
no longer bruised easily, and no new hemorrhages appeared beneath 
her nails. We have now had occasion to study over 40 such patients, 
some of whom are reported in detail in a previous paper,®'' and the results 
closely parallel and confirm the observations of Schultzer,'"’^ Dall- 
dorf,*'*'^ and others. Our explanation of the above case would be that, 
while her small vitamin C intake had been sufficient to raise her blood 
and urine figures to vuthin a normal level, she had not yet reco^'ered 
from her early scorbutic condition and that the massive doses of cevi- 
tamic acid effected a rapid cure. Our past experience with such cases 
has been that abstinence from vitamin C rapidly results in an increase 
in the pctechiie produced by the fragility test in contrast to a normal 
l)erson, who is not so near the borderline of vitamin C deficiency. 
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A thorough understaucling of the principles of crystalline I'itaniin C 
therapy must be dependent upon a knowledge of the fundamental 
considerations outlined above. We shall now survey the work thus 
far published dealing with its use in specific pathologic conditions 

The Use of Cevitairdc Acid in the Treatment of Scurvy.— The disease, 
scurvy, was naturally immediately considered curable by crystalline 
vitamin C. Schultzer,°®° in 1933, reported the first cure by the use of 
vitamin C in man. During 1934, Wentzlcr,”'' Neuman,”'® Brugsch”^ 
reported cures in children, and Wright®® favorable results in the first 
3 patients (adults) treated with this substance in this coimtry. Since 
then, so much confirmatory work has been published by both these and 
other authors, that further comment regarding the curative effect of 
vitamin C in this condition seems unnecessary. Certain observations 
regarding scurvj' may, however, be of importance. Although it has 
been erroneously looked upon as a rare disease in our modern civiliza- 
tion, workers who are interested and aware of its multiple and insidious 
manifestations find it rather commonly in all walks of life. We have 
found it as a result of various faddist diets, poverty, distaste for foods 
containing vitamin C, and inability to use ritamin C when Pikcn by 
mouth, due to achlorhydria and other gastro-intcstinal disturbances, 
hypci'sensitlvity to citrus and other vitamin C foods, with resulting 
omission of these from the diet, and last, but not least, diets prescribed 
by physicians for the treatment of gastro-intCstinal lesions, such as 
ulcers, colitis, and so on. The scurvy has in several instances been 
present and producing major symptomatology, while the patient wa.s 
lieing cared for by the physician who prescribed the causatii'e diet. 
It should be remembered that scurvy docs not always begin in the cla.ssi- 
cal way but the symptoms complained of maybe hemorrhages under the 
toe nails (as reported above), bleeding from the bowels, easy bruising, 
small scleral hemorrhages and the more common bleeding from the gums, 
commonly confused with pyorrhea. Weakness and secondary anemia 
are often present. These symptoms, with a marked increase in the 
capillary fragility, and a history of a vitamin C low diet, should suggest 
the diagnosis. Complete clearing of the symptoms with a retuni to 
normal of the capillary fragility as a result of cevitamic acid therajjy 
makes tlic diagnosis presumptive. Blood and urine studies should be 
looked upon as confirmatory, with the above mentioned limitations. 
They may, however, lie of utmost importance in determining the con- 
dition of vitamin C unsaturation, a necessary precursor to scurvy. 
Pl'.iut and Billow®®"- feel that the vitamin C content of the spinal 
fluid furnishes a more accurate index of vitamin C saturation of the body 
than do blood studies. It has been recognized for some time that anemia 
of a moderately profound type may be found in patients with chronic 
scurvy. This type of anemia rc.sponds quickly to the use of cevitamic 
acid and not io li%-er c.\tract or iron.'-®-'’-' .\ definite reticulocyte 

response pattern has been rcjiorted by Faulkner.’" 

The Use of Cevitamic Acid in the Treatment of Other Hemorrhagic 
Conditions.— It was logical that attempts should In- made to treat 
other hemorrhagic conditions with large doses of this substanee and 
eerlain workers, notably Boger ami his co-workers’"-'-' and Engelkc-s’'- 
felt that the re.siilts were very satisfactory after its u^e in ea^.-s «f 



THERAPEUTICS 


727 


Sclionlein-Henocli’s purpura, liemopliilia and thrombocytopenic pur- 
pura. We have been nnable to satisfy ourselves after rather extensive 
studies reported in part®® that ce\dtaniic acid in dosage up to toxicit 5 '' 
(5000 mg. intravenously) has any effect on the course of thi-ombocyto- 
penic, Schonlein’s purpura or hemophilia. It should be remembered 
that these conditions alternate periods of remission avith periods of 
relapse. Following the patient through complete cycles, as we have 
done, demonstrates relapses during therapy. It should be noted that 
some patients with scurvy have low platelet counts, and there may be 
an increase in platelets along with the general response to vitamin C 
therapy. Certain of these patients and other hemoxThagic scurvy 
patients have undoubtedly been diagnosed as thrombocytopenic pur- 
pura or hemophilia in the past. 

The Use of Cevitamic Acid and the Treatment of Gastric and Intes- 
tinal Ulcers. — The use of cevitamic acid in the treatment of gastric and 
duodenal ulcers has been the object of some study. Schultzer®® studied 
the capillary resistance of 59 ulcer cases in comparison to 418 routine 
medical cases, as admitted to the hospital and found no appreciable 
difference. He concluded that vitamin C deficiency was not an etiologic 
factor in the production of peptic ulcer. We are not familiar with any 
evidence of importance to the contrary. On the other hand, in our own 
experience, we have been able to give antiscorbutic doses by mouth 
to acute ulcer patients without distuibance. This is important when 
fruit juices and the other sources of vitamin C are poorly tolerated, 
since the superposition of sernwy upon an ulcer syndrome is certainly 
not to be desired. It is doubtful that a hemorrhage from an ulcer could 
be affected by the administration of vitamin C, since such bleeding 
is usually from an eroded small vein or artery, while the action of cevi- 
tamic acid appears to be principally on the capillary venule and arteriole 
walls. That there are patients suffering from so-called colitis as a result 
of a prolonged abstinence from vitamin C, we are convinced. We have 
reported one such case in detail®® and have seen two others. In addition, 
in certain patients with a colitis on another basis, but who have been on a 
vitamin C-low bland diet for a prolonged time, the addition of cevitamic 
acid to the diet may bring about marked improvement in their general 
condition and a decrease in the bleeding. This is especially indicated if 
an unsaturation of vitamin C is determined by the methods above 
reviewed. Similar results have been reported by Hetenyi.^^® As a 
preventive measure, 50 to 100 mg. per day may well be added to 
the diet. It appears to be non-irritating in such dosage. 

The Introduction of Two New Anti-hemorrhagic Vitamins.— During 
the past 3 years, Dam’-^ and his co-workers and Almquist and Stok- 
s_tarl‘-s-'®® have demonstrated the production of a hemorrhagic scurvy- 
like disease in chicks and its cure by the administration of a fat soluble 
suhstauce occurring in hog liver fat, hemp seed and certain vegetables 
wliich they^ have termed anti-hemorrhagic vitamin K. Vitamin C is 
ineilcctual in the treatment of this condition. 

Another substance asserted to have a definite effect in decreasing the 
fragility of the capillary walls in certain conditions when ascorbic acid 
fails has been recently presented as a ratarain P by Riisznyak and 
Szent-Gyorgyi.'®i They found it closely associated * in the cell with 
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vitamin C; Cliemically it appears to be related to the vegetable dyes, 
the flavenols. Work on these two new substances has not progressed 
far enough to determine fully their relationship to each other and to 
vitamin C, if, indeed, there is any. 

The Relationship Between Vitamin C Metabolism and Rheumatic 
Fever and Rheumatoid Arthritis.— In interesting studies, Rinehart 
anfl his co-workers have attempted to establish vitamin C deficiency 
as one of the etiologic factors in the production of rheumatic fever and 
rheumatoid arthritis.’^*-'^^ In animals, they reported that infection 
with a beta-streptococcus produced no significant lesions on the heart 
valves in the presence of adequate nutrition. "iWien lesions did occur, 
they were of an exudate type. In uncomplicated scurvy they found 
atrophic and degenerative changes in the collagenous stroma of the 
heart valves. In animals with scurvy plus added infection, lesions of a 
combined degenerath'e and proliferative character de\'eloped with 
considcralrle frequency, and, in the opinions of these authors, presented 
a striking similarity to the lesions of acute rheumatic fever. Schultz'’''^ 
and IMote,'®’’ while able to duplicate the production of similar lesions, 
felt that the changes only slightly resemble those of rheumatic fever. 
Rinehart points out that most of the rheumatic fever patients come 
from the underprivileged classes on an average low ^dtamin C diet and 
that, clinicallj', many of his patients gave a history of a low vitamin C 
intake or other evidence of vitamin C unsaturation. On the other hand, 
Schultz, Sendroy and Swift’*' and Shapiro'*® were unable to satisfy 
themselves that there is any clinical relationship between scurvy and 
rheumatic fever on the basis of previous dietary history or response to 
the giving of f.iirly large doses of vitamin C. We have been unable to 
affect the course of rheumatic fever cycles by giving cevitamic acid in 
doses as large as 1000 mg. or even 2000 mg. intravcnou.s]y daily.*^ 
Rhinchart docs not feel that lack of response to vitamin C therapy 
necessarily disproves Ins contention, since scurvy may lie only a factor 
in the preparation of the soil for the infection, but it would seem that 
the course of the disease should be ameliorated to some degree by the 
use of such large doses if there were a definite relationship. .-Vt present, 
however, it is possible. to state only that further observations are neces- 
sary to clarify this important problem. 

The Use of Cevitamic Acid in the Treatment of Tuberculosis.— It 
has long been recognized tliat patients Avith tuberculosis AA'crc helped 
!)y the inclusion of large amounts of vitamin C in their diets. .-Vninial 
studies hiive tended to confirm this.’*®"’'** Recently, studies of man 
have appeared which demonstrate that there is an increascrl vitamin C 
recpiirement in this disease,’^’”'”' and that there is a rough parallelism 
lu'tween activity of the disease and the daily excretion of cevitamic acid 
on a controlled diet.’^® Ileise and iSIartin’’'' do not include in-their liricf 
rejiort the relationship betAvecn the vitamin (’ cx'crction and the degree 
of fever. Avhieh, in tuni, usually does pandlel the activity in tubercu- 
losis. We have found that fever from various causes increases vitamin C 
metabolic demands,®’ ami it would seem that tjiis may lie the jjrimary 
faetor in their sttidies rather llnui tuberculosis as a si)ecifie. disea.se. 
This point should at least he clarified. (One e.vception to this finding 
has been reptmted to he malarial fever.”'d .Steinbach’'® and his co- 
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•workers are at present engaged in studies of the effect of 'vdtamin C 
on intestinal tuberculosis in man. Preliminary observations on a small 
series (9) s'eem to indicate a definitely favorable response with a halting 
of the usual downward course, gain in weight in 4 cases, and a kriking 
improvement in the hemoglobin and red cell count in all 9 patients. 
This approach should be critically studied at greater length. It is too 
early to estimate the value of such treatment at present. Massive 
dosage (1000 to 1500 mg. daily) might well be tried. A question Avhich 
naturally arises is whether the deposit of vitamin C in the intestinal 
wall which is one of the storage centers of the body plays a part in the 
effects in this specific group of cases. 

The Metabolism of Vitamin C in Pneumonia.— It has also been 
found that there is a definite diminution in the urinary excretion of 
vitamin C during penumonia,''^'’"^^^ and that this can be compensated 
for by the use of cevitamic acid in large doses. It is tolerated better 
than citrus fruit juices which in large quantities produce gas and often 
diarrhea. No correlation has been found between the clinical condition 
of the patient and the vitamin C excretion, but this seems rather to 
follow the fever curve and, in our opinion, is more likely associated 
with the increased metabolism than the specific disease, pneumonia. 
Although suggested by Hockwald,'^'^ there is at present no conclusive 
■ evidence that the course of pneumonia is affected by the administration 
of vitamin C in any form. 

The Effect of Cevitamic Acid on Pigmentation. — The effect of cevi- 
tamic acid on cutaneous pigmentation has been studied with resulting 
divergence of opinion. Szent-Gyorgyi*®* and Sziile’*'^ reported a definite 
amelioration of the pigmentation associated •with Addison’s disease. 
The regression of cloasma has been reported by Sellei'®^ and the diminu- 
tion in the pigmentation from sunlight was claimed by Schade.^®® On 
the other hand, Techner'^^ failed to confirm the effect on cloasma (using 
lemon juice), and Drlgalsld'^* concluded from his studies that the pig- 
ment produced by ultraviolet radiation is not influenced by vitamin C. 
Hoft’^^® feels that there are three possible pathological causes for skin 
pigmentation: hormonal, neurovegetative and vitamin C deficiency. 
He suggests that the pigmentation of Addison’s disease may be due to 
an avitaminosis C of endogenous origin. He reports encouraging results 
in patients with pigmentation due to Addison’s disease, known vitamin 
C deficiency and in certain cases of undetermined etiology. It is obvious 
that much further study is necessary to clarify this situation, but the 
trial of cevitamic acid for certain types of pigmentation seems justified 
in the light of our present knowledge. 

The Relation of Vitamin C to Diphtheria Toxin.—Considerable ex- 
perimental work with animals has established a relationship between 
vitamin C and diphtheria toxin"^®~'®“ and v. Gag^n showed that very 
similar changes in the ovary, posterior lobe of the pituitary gland and 
adrenal cortex occur in diphtheria toxin intoxication and scurvy.^'^^-’®*' 
In guinea pigs, the action of diphtheria toxin can be overcome by the 
administration of adrenal cortex and cevitamic acid, while either of 
these agents alone fails to be efi'ective.’®^-'®^ Clinical studies report- 
ing encouraging results in the treatment of diphtheria on the same basis 
have been reported, the clinicians confirming the need for the use of 
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adrenal cortex phis ccntamic acid, whereas insulin is contraindi- 
cated.”’''’-'"! This, of course, must not be considered as a substitute for 
antitoxin therapy but merely supplementary to decrease the toxicity. 
The number of cases is too small and too poorl^’^ controlled to establish 
this as more than experimental therapeutics at present. 

The Effect of Cevitaniic Acid on Poliomyelitis Virus. — The work 
with diphtheria toxin led .Tungeblut*’- to investigate the effects of 
cevitamic acid on poliomyelitis virus in vitro ^yith the following signifi- 
cant findings: 1, extraordinarily small amounts of vitamin C are cap- 
able of rendering non-infectious multiple paralytie doses of poliomyelitis 
•cirus as determined by the intracerebral injection into rhesus monkeys; 
2, the c[uantitative aspects of this inactivation are remarkably similar 
to the neutralization of diphtheria toxin by vitamin C; 3, vitamin C in 
the form used in these tests is a normal constituent of various animal 
and human tissues, particularly adrenal and brain, and occurs in a 
reversibly oxidized state in the blood. Our present figures for vitamin C 
content in the central nervous system are within the range found to 
be neutralizing. Studies should be made to determine whether there is a 
variation in these figures between susccptil:)le and non-susccptible 
individuals. Studies to determine therapeutic or prophylactic possi- 
bilities are under way. 

The Effect of Cevitamic Acid on General Infections.— While it has 
been frequently stated that vitamin C is indicated as a preventative 
and therapeutic agent for infections, generally, it should be noted*'* that, 
under our observations, patients who have been completely saturated, 
having been for many days on dosages as high as 1000 mg. intravenously 
per day, have developed acute infections such as tonsillitis, otitis media 
and abscesses. 

The Relation of Vitamin C Metabolism to Diabetes Mellitus.— Studies 
on the vitamin C content in the urine of diabetic patients have failed 
to reveal any relationship between the degree of diabetes and the 
vitamin C content of the urine. 

The Relation of Vitamin C to Dental Problems.— Lack of vitamin C, 
as indeed most of the knovm vitamins, has been considered as a possiiilc 
factor in the production of dental caries. Howe showed in 1920 to 1923 
that, by feeding guinea pigs a scorbutic diet, he could produce all of the 
better kno'^m dental lesions, including alveolar resorption, spongy 
gums, pockets and pus formation, together with caries and irregularities 
in the teeth themselves.’'' On the other hand, iMellanby’'^ could not 
duplicate this work using puppies. Commeut on these divergent re- 
ports is necessary. The guinea pig difiers from the dog (and man) in 
its persistent tooth growth. Each tooth, at a given moment, shows all 
stages from the embryonic through maturity to senility and degeneration. 
This cycle takes about 40 days. Dogs, however, rio not represent satis- 
factory experimental animals for this study, since they (unlike humans, 
monkeys and guinea pigs) do not need vitamin C, being able to synthe- 
size it in their body. Fish and Harris'” in careful studies, using guinea 
pigs, found that in every case where deprivation of vitamin C was 
severe enough to produce results observable by histologic methods, 
it was found that odontoblasts, ameloblasts. cementoblasts, osteoblasts, 
osteoclasts and bone corptiscles had undergone complete degeneration 
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and were sometimes completely destroyed. Dalldorf and Zall^”^ had 
previously found that vitamin C deficiency retarded the tooth growth 
in guinea pigs. This work needs confirmation in monkeys and man. 
We know, however, that spong 5 % bleeding gums are frequently due to 
vitdmin C deficiency, and, when on that basis, will yield to cevitamic 
acid therapy. Hanke"® has presented evidence that the regeneration 
of bone after fractures can, in most cases, be hastened by the administra- 
tion of cevitamic acid. 

The Eelation of Cevitamic Acid to Goiter— Cevitamic acid and its 
effect on thja-oxin have been recently studied, but again the reports are^ 
confusing, although the work is not strictly comparable. Demole and 
Ippeni’® reported that the lethal thyrotoxic effect of thyroxin on guinea 
pigs can be counteracted by cevitamic acid. On the other hand, Spence 
and Scowen,^®® using cevitamic acid, could find no evidence of preven- 
tion or diminution of the thyroid hyperplasia in guinea pigs following 
injections of the thyrotropic hormone of the anterior pituitary. On the 
basis of this and other studies, they conclude that, cevitamic acid is not 
an antigoitrigenic substance. 

Dosage.— Cevitamic acid has been administered orally and' intra- 
venously and will shortly be available for intramuscular use.’^®^ Hitherto, 
it has been possible to use it intramuscularly, only if neutralized imme- 
diately before administration with sodium bicarbonate.^®^ Otherwise, 
there Avas grave danger of the production of a slough. The dosage is not 
finally determined; under normal circumstances, 30 to 50 mg. per day 
by mouth appears to protect an adult against scurvy, and we have 
given as high as 5000 mg. intravenously before obtaining toxic effects.®^ 
Dosage should, then, be beW^een those limits and should depend on the 
rapidity of the action desired. Probably 1000 mg. per day should be 
considered the maximum dose except under very unusual circumstances. 

General Summary.— It is clear from the above review that the dis- 
tovery of crystalline vitamin C has opened up a new and enormous 
field for laboratory and clinical research. It at once becomes apparent, 
as is usual under such circumstances, that much of the early work is 
confusing, and even conflicting in its results. Time and further studies 
will separate the grain from the chaff. At present, few general state- 
ments can be made Avith any finality in this particular field. It is 
fairly certain that cevitamic acid is of definite value in the treatment of 
patients Avho are suffering from vitamin C undernutrition, especially 
Avhere rapid response is desired or Avhere rich food sources of vitamin C 
cannot be utilized, because of gastro-intestinal disease, hypersensitmty 
or lack of utilization Avhen taken by the oral route. We have come to 
realize that the manifestations of vitamin C deficiency are far more 
A'ariegated than Ave formerly considered possible, under the classical 
sjmdrome of scurvy, and that these manifestations are present in con- 
siderable frequency in our present ciA'ilization. CcAutamic acid AA'ill 
probably haA^e an increasing use as more of these manifestations are 
^-ecognized. ^ At present, the debatability of its use in any condition 
seems to be in reverse proportion to our certainty of the relation of that 
condition to A'itaram C deficiency. 

Irving S. Wright, A.B., M.D. 



732 


PROGRESS OF 3IEDICAL SCIENCE 


REFERENCES. 


1. Harden, A., and Zdva, S. S.; Biochem. J., 12, 93, 259, 270, 1918. 

2. Harden, A., Zilva, S. S., and Still, G. F.: Lancet, 1, 17, 1919. 

3. Harden, A., and Zilva, S. S.: J. Path, and Bact., 22, 246, 1919. 

4. Zilva, S. S., and Wells, F. M.; Proc. Roy. Soc. B, 90, 505, 1919. 

5. Zilva, S. S.: Biochem. J., 13, 164, 172, 1919. 

6. Harden, A., and Zilva, S. S.: Ibid., 14, 131, 1920. 

7. Zilva, S. S., and Still, G.-F.: Lancet, 1, lOOS, 1920. 

8. Zilva, S. S.; Ibid., 1, 478, 1921. 

9. Zilva, S. S., and Masatara, M.: Biochem. J., 15, 422, 1921. 

10. Zilva, S. S.: Ibid., 12, 1, 42, 1922; i7, 410, 418, 1923. 

11. Kay, H. D., and Zilva, S. S.: Ibid., 17, 872, 1923. 

12. Zilva, S. S.: Ibid., 18, 182, 186, 632, 1924. 

13. Connell, S. J. B., and Zilva, S. S.: Ibid., pp. 638, 641. 

14. Zilva, S. S.: Proc. Roy. Soc. Med., 18, 1, 1925. 

15. Lepper, E. H., and Zilva, S. S.: Biochem. J., 19, 581, 1925. 

16. Zilva, S. S.: Ibid., p. 589. 

17. Daubney, C. G., and Zilva, S. S.: Ibid., 20, 519, 1055, 1926. 

18. ZUva, S. S.: Ibid., 21, 354, 689, 1927. 

19. Hogle, E., and ZUva, S. S.; Ibid., p. 1121. 

20. Shipp, H. L., and ZUva, S. S.; Ibid., 22, 408, 1928. 

21. ZUva, S. S.: Ibid., p. 779. 

22. Shipp, H. L., and Zilva, S. S.: Ibid., p. 1449. 

23. ZUva, S. S.: Ibid., 23, 1199, 1929. 

24. Bracevell, M. F., Hogle, E., and Zilva, S. S. : Ibid., 24, 82, 1930. 

25. ZUva, S. S.: Ibid., p. 1687. 

26. Crane, M. B., and Zilva, S. S.: J. Pomol. and Horticul. Sci., 9, 228, 1931. 

27. Bracevell, M. F., Kidd, F., West, C., and ZUva, S. S.: Biochem. J., 25, 138, 
1931. 

28. Braoewell, M. F., WaUace, T., and Zilva, S. S.; Ibid., p. 144. 

29. Humphreys, F. E., and Zilva, S. S.: Ibid., p. 579. 

30. ZUva, S. S.; Ibid., p. 594. 

31. Bracevell, M. F., and ZUva, S. S.: Ibid., p. 1081. 

32. Johnson, S. W., and Zilva, S. S.: Ibid., 26, 871, 1932. 

33. ZUva, S. S.: Ibid., p. 1624. 

34. Grant, R. L., Smith, S., and ZUva, S. S.: Ibid., p. 1628. 

35. Crane, ^I. J., and Zilva, S. S.: Ibid., p. 2177. 

36. ZUva, S. S.': Nature, 131, 363, 1933. 

37. Wallace, T., and ZUva, S. S.: Biochem. J., 27, 093, 1933. 

38. Sansome, F. W., and ZUva, S. S.: Ibid., p. 1935. 

39. ZUva, S. S.: Ibid., 28, 663, 1934; 30, 54, 1936. 

40. Hess, A. F.: Brit. Med. J., 2, 154, 1920. 

41. Hess, A. F., and Unger, L. J.: Proc. Soc. Exp. Biol, and Med., 18, 143, 1921. 

42. Tillmans, J.: Ztschr. f. Untersuch. d. Lebensmitt., GO, 34, 1930. 

43. Tillmans, J., Hirsch, P., and Dick, H.: Ibid., 63, 267, 1932. 

44. Tillmans, J., Hirsch, P., and Hirsch, W.; Loc. cit., I. 

45. Tillmans, J., Hirsch, P., and Jackisch, J.: a. Loc. cit., p. 241, 1932; h. Loc. 

cit., p. 270, 1932. 

40. Tillmans, J., Hirsch, P., and Siebert, F.: Loc. cit., p. 21, 1932. 

47. Tillmans, J., Hirsch, P., and Vaubcl, F.; Ibid., 65, 145, 1933. 

48. Szcnt-Gyorgjd, A.: Biochem. J., 22, 1387, 1928. 

49. Szent-Gyorgji, A., and S^drl^ly, J. L.; Nature, 129, 570, 690, 1932. 

• 50. S\irbely, J. L., and Szent-Gyorgyi. A.: Biol. J., 26, 805, 1932. 

51. Szent-Gyorgyi, A.: Deutsch. med. Wchnschr., 22, 852, 1932. 

52. Zilva, S. S.: Nature, 129, 3269, 19.32. 

53. Waugh, W. A., and King, C. G.: .1. Biol. Chem., 97, 325, 1932. 

54. Waugh, W. A.; .1. Chem. Educ., 11, 69, 1934. , 

55. Birch, T. W., and Harris, L. J.: Biochem. J., 27, 595, 19.33. 

50. Wright, I. S., and Lilienfeld, A.: Arch. Int. Med., 57, 241. 19.30. 

57 Reichstein, T., Grussner, A., and Oppenauer, R.: Helvct. Chim. -tefa, 16, 


561 193.3. 

5S. Havorth, W. N., and Hirst, E. L.: J. Chem. Soc., p. 1422, 19.3.3 
59. Maurer, K., and Schiedt, B.: Ber. d. deutsch. chem. GcscHsch., 66, lOo I, 



THERAPEUTICS 


733 


60. Dalmer, 0., and Moll, T.: Ztschr.-f. phys. Chem., 222, IIG, 1933. 

61. Reichstein, T.: Nature, 134, 724, 1934. i-r on 

62. Reichstein, T., Schwarz, L., and Grussncr, A.:^.Helv. Chim. Acta, 17, 311, 

1934. 

63. ZUva, S. S.; Arch. Dis. Child., 10, 253, 1935. „ , i- ic i 

64. Van Eekelen, M.. and Wolff, L. K.: Acta BreV. Neerlandica, vol. 6, p. 1, 

^^65.' Van Eekelen, M.: Over Opnamo, Verbrink en Witscheiding von Vitaminc 
C. Door de Mens, Utrecht, Drukkerj Fa. Schotanus and Jens, 1936. 

66. McHenry, B. W.; Canadian Pub. Health J., 26, 124, 1935. 

67. Corlettc, M., Youmans, J. B., Akeroyd, J., and Frank, H.: South. Med. .T., 
29 37 1936. 

68. Birch, T. M., Harris, L. J., and Ray, S. N.; Biochem. J., 27, 590, 1339. 

69. Chakraborty, R. K.: Indian J. Ped., 3, 8, 11, 1936. 

' 70. Chakraborty, R. K., Roy, A. N., and Guha, B. C.; Indian Med. Gaz., 71, 

1, 1936. 

71. Selleg, I. G., and King, C. C.: J. Nutrition, 11, 599, 1936. 

72. McHenry, E. W., and Graham, M.: Biochcm. J., 29, 2013, 1935. 

73. Harris, L. J., and Ray, S. N.: Lancet, 1, 71, 1935. 

74. Stutenville, 0. H.; Proc. Soo. Exp. Biol, and Med., 32, 14.54, 1935, 

75. Harris, L. J., and Ray, S. N.; Biochem. J., 27, 303, 1933. 

76. Gough, J., and Zilva, ,S. S.: Ibid., p. 1279. 

77. Boylan,.E.: Ibid., p. 802. 

78. Harris, L. J.: Nature, 132, 605, 1933. 

79. Van Eekelen, M., Emmeric, A., Josephy, B., and Wolff, L. K.; Klin. 
Wchnschr., 13, 564, 1934. 

SO. Plaut, F., and Bulow, M.: Ibid., 14, 276, 1710, 1935. 

81, Plaut, F., and Bulow, M.: Son., Die Natur, 23, 771, 1935. 

82. Plaut, F., and Bulow, M.: a. Hoppe-Seylers Ztschr. f. phys, Chem., 236, 
241, 1935; h. Ztschr. f. Neurol, u. Psychiat., 154, 481, 1930. 

S3. Goldman, H., and Buschke, W.; Arch. f. Augenhoilk., 109, 205, 1935. 

84. Lilienfeld, A., MacLenathen, E., and Wright, I. S,; (Unpublished studies). 

85. Drigalski, W. V.: Klin. Wchnschr., 14, 338, 1935. 

86. Johnson. S. W., and Zilva, S. S.: Biochem. J., 28, 1393, 1934. 

87. Abbasy, M. A., Harris, L. J., Ray, S. N., and Marrack, J. R.: Lancet, 2, 
1399, 1935. 

88. Youmans, J. B., Corlotte, M. B., Akeroyd, J. H., and Frank, H.: Am. J. 
Med. Sci., 191, 191, 1930. 

89. Schultzer, P.: Acta med. Scand., 88, 317, 1936. 

90. Van Eekelen, M., Emmerie, A., Josephy, B., and Wolff, L. K.: Nature, 
132, 315, 1933. 

91. Kellie, A. E., and Zilva, S. S.; Biochcm. J., 30, 361, 1936. 

92. Mirsky, I. A., Swadesh, S., and Soskin, S.; Proc. Soc. Exp. Biol, and Med., 
32,-1130, 1935. 

93. Farmer, C. J., and Abt, A. F.: Ibid., p. 1,625, 1935; 34, 146, 1936. 

94. Gabbe, E. : a. Unpublished minutes of conference on vitamin C, Dormstadt, 

April 14, 1934; 6, Klin. Wchnschr., 13, 1389, 1934. < 

95. Marquardt, G.: Personal communication. 

96. Hess, A. F., and Fish, M.: Am. J, Dis. Child., 8, 386, 1914. 

97. Gothlin, G. F.: Skand. Arch. f. Physiol., 61, 225, 1931. 

98. Wright, I. S.: Proc. Soc. Exp. Biol, and Med., 32, 475, 1934. 

P.: Acta med. Scand., a, 81, 111; b, 83, 544, 1934; c, 83, 544, 
1934; d, 85, 563, 1935; c, Lancet, 1, 589, 1935. 

100. Stocking, R. E.: Arch. Pediat., 50, 823, 1933 

101. Gedda, K. O.; Skand. Arch. f. Physiol., 63, 306, 1932. 

102. Hccht, A. F.: Jahrb. f. Kinderh., 65, 113, 1907. 

103. Wiomer, P.: Ztschr. f. d. gcs. exper. Med., 78, 229, 1931. 

1931 Marquardt, G.; Proc. Soc. Exp. Biol, and Med., 28, 113, 

105. da Silva-Mello, A.: Munch, med. Wchnschr., 76, 1717 1929 
J. Dis. Child., 46, 794, 1933. 

inc' Russell, H.: J. Am. Med. Assn., 104, 1701, 1935, 

0.. Brock, J., and Malcus, A.: Ztschr. f. Kinderh., 56, 237, 1934. 



734 , 


PROGRESS OF JIEDICAL SCIENCE 


109. Cutter, I. S., and Johnson, C.' A.: ■ J. Am. Med. Assn., 105, 505, 1935. 

110. Abt, A. F., Farmer, C. J., and Epstein, I. M.: J. Pediat., 8, 1, 1936. 

111. GoettscK, E.; Am. J. Dis. Child., 49, 1441, 1935. 

112. Anderson, G. K., Hawley, E. E., Stephens, D.: Proc. Soc. Exp. Biol and 
Med., 34, 778, 1936. 

■ 113, Duo'ee, A. W., and Wright, I. S.: Am. J. Med. Sci., 186, 664, 1933. 

114. Wright, I. S.: J. Am. Med. Assn., 101, 439, 1933. 

115. Wright, I. S., and Duryee, A. W.; Arch. Int. Med., 52, 545, 1933. 

116. Wright, I. S., and Moffatt, D.: J. Am. Med. Assn., 103, 318, 1934. 

117. AVentzler, E.; Monatschr. f. Kinderh., 59, 451, 1934. 

118. Neuman, IT.: Deutsch. med. Wchnschr,, 81, 1204, 1934. 

119. Brugsh, H.; Ibid., p. 1202. 

120. Mettier, S. R., Minot, G. R., and Townsend, W. C.: J. Am. Med. Assn. 95 
1089, 1930. 

121. Minot, G. R.: Ibid., 105, 1176. 1935. 

122. Faulkner, J. M.: New England J. Med., 213, 19, 1935. 

123. Roger, A., and Schroeder, H.; Munchen. med. Wchnschr., 81, 1.335, 1934. 

124. Boger, A., and Martin, W.; Ibid., 46, 899, 1935. 

125. Engelkes, H.; Lancet, 2, i285, 1935. 

126. Hetenyi, G.: Klin. Wchnschr., 14, 1470, 1935. 

127. Dam, H.: Nature, 135, 652, 653, 1935; 133, 909, 1934; Biochem. J., 29, 
1273, 1935; 28, 1355, 1934. 

128. Almquist, H. J., and Stokstad, E. L. R.: J. Biol. Chem., Ill, 105, 1935. 

129. Almquist, H. J.: Ibid., 114, 241, 1936. 

130. Almquist, H. J., and Stokstad, E. L. R.: Nature, 137, 581, 1936. 

131. Rusznyak, St, and Szent-Gyorgyi, A.: Ibid., 138, 27, 1936. 

132. Rinehart, J. F., and Mettier, S. R.: Am. J. Path., 10, 61, 1934. 

133. Rinehart, J. F., Connor, C. L., and Mettier, S. R. : J. Exp. Med., 59, 97, 1934. 

134. Rinehart, J. F.; a, Ann. Int. Med., 9, 586, 1935; I, 9, 671, 1935; c, J. Lab. 
and Clin. Med., 21, 597, 1936. 

135. Schultz, M. P.: Arch. Path., 21, 472, 1936. 

130. Mote, J. R.: See discussion of Ref. 134c. 

137. Swift, H. F.: a, See discussion of Ref. 1.34c; h, J. Lab., and Clin. Med., 21, 
551, 1936. 

138. Shapiro, M. J,: a, See discussion of Ref. 1.34c; 5, J. Lab., and Clin. Med., 
21, 504, 1936. 

139. Coulard, E.: Pressc med., 31, 011, 1923. 

140. Mouriquant, G., Roohaux, A., and Dosdet, L.: Compt. rend. Soc. de biol., 
93, 901, 1925. 

141. Hojer, J. A.: Act. Pediat., 3, Suppl. 8, 278, 1924. 

142. Hcymann, B.; Iflin. Wchnschr., 5, 59, 1926. 

143. Beiling, R.: Deutsch. med. Wchnschr., 53, 182, 1927. 

144. Greene, M. R., Steiner, hi., and Kramer, B.: Am. Rev. Tuborc., 30, 5S5, 
1936. 

145. Steinbach, M. M., Klein. S.'J., and Hirst, A.: Personal communication. 

140. Schroeder, H.: Klin. Wchnschr., 14, 484, 1935. 

147. Bullowa, J. G., Rothstein, I. A., Ratish, H. D., and Harde, E.; Proc. Soc. 
Exp. Biol, and Med., 34, 1, 1930. 

148. Heisc, F. H., and Martin, G. J.: Ibid., p. 642. 

149. Plant, F., Bulow, M., and Scheid, K. F,: Ztschr. f. d. gos. Neurol, u. Psych., 

154, 473. 1936. . . 

150. Steinbach, M. M., Klein, S. J., and Hirst, A.; Personal communication. 

151. Harde, E., Rothstein, I. A., and Ratish, H. D.: Proc. Soc. Exp. Biol, and 
Med., 32, loss, 1935. 

152. Hockwald, A.: Klin. Wclmschr., 15, 894, 1936. ^ ^ 

153. Szent-Gyorgyi, A.: Verhi. gcs. Verdgskrankh., XII, Leipzig, Georg Thieme, 


154. Szulo, D.: Deutsch. med. Wchnschr., 59, 051, 1933, 

155. SeUei, J.; Tortschr. Ther., 14, 26, 1935. 

150. Schade, H. A.; Klin. Wchnschr., 14. 26, 1935. 

157. Tcchnor, F. : Ibid., 13, 1614, 1934, 

158. V. Drigalski, W.: Ibid., p. 1354. 

1.59 Hoff F.: Deutsch. med. K chnsclir., 62, 129, 1930. 
lOo! Harde, E.: Compt. rend do I’Acad. d, sci., 199, 018, 1934. 
101. Harde, E., and Phillipo, M.: Ibid., p. 7.38. 



KADIOLOGY 


735 


102. Grecnwald, C. K;, and Hardo, E.: Proc. Soc. Exp. Biol, and Med., 32, 1167, 

» 103. V. Gagyi, J.: Arch. f. Path. u. Physiol., 293, 074, 1934. 

104. V. Gagyi, J.; Kulon. a. Magyar Orvosi. Arch., 35, 1, 1934. 

105. V. Joncy, A., Gagyi, J., and Baranyai, P.: Dcutsch. med. Wchnschr., 54, 1, 

^ICo! V. Gagyi, J.: Klin. Wphnschr., 15, 190, 1930_; Mcgjelent a pecsi Erzsibet 
Tudomanycgyetem Gyermekklinikajanak Kiadvanyai, I, Kotetchen, 1935; Vorg. 
Am. VI Kongeras der ungarischcn Kinderiirztlichen Gesellschaft zu Budapest, 5, 0, 
1930. 

107. Herbrand, W.: Kongr. inn. Med., Wiesbaden, 1935; Endokrin, 16, 230, 1930. 

108. Aicham, A., and Bock, H.: Monatschr. f. Kinderh., 65, 289, 1930. 

109. Momnsen, H.: Miinch. mod. Wchnsclir., 82, 1509, 1935. 

170. Ebel, A., and Mantner, H.; Wien. klin. Wchnschr.,, 49, 404, 1930. 

171. Messer, H.: Deutsch. med. AVchnsehr., 62, 1131, lOjlO. 

172. Jungeblut, C. W.: J. Exp. Med., 62, 517, 1935. 

173. V. Euler, H., and Mulmberg, M.: Siirtryck ur Svensk Kemisk Tidskrift, 47, 
55, 1935. 

174. Howe, P.: Dental Cosmos. 62, 580, 921, 1920; 63, 1080, 1921; J. Dent. Res., 
3, 9, 1921; J. Am. Dent. Assn., 10, 201, 1923. 

175. Mellanby, M.: Med. Res. Conn. Bond. Sp. Rep. Ser., 140, 81, 1929. 

170. Fish, W. E., and Harris, L. J.: Phil. Trans. Roy. Soc. Bond., B, 223, 489, 1933. 

177. Dalldorf, G., and Zall, C.: J. Exp. Med., 52, 57, 1930. 

178. Hankc, H.: Deutsch. Ztechr. f. Chir., 245, 530, 1935. 

179. Demolc, V., and Ippcn, F.: Hoppc-Scylers Ztschr. f. phys. Chcm., 235, 220, 
1935. 

180. Spence, 0. W., and Scowen, E. F.: Biochem. .B, 29, 502, 1935. 

181. Bilienfeld,'A.,Wright,*I. S.,^and MacBenathen, E.:^ Accepted for publication, 
Proc. Soc. Exp. Biol, and Med. 

182. Fisher, B. H., and Beake, C. D.: J. Am. Med. Assn., 103, 1550, 1934. 


RADIOLOGY 


UNDEn THE CHAHGE OF 

ALBERT MILLER, M.D. 

AND 

CHARLES G. SUTHERLAND, M.D. 

CONSULTING rHTSICIANS, SECTION ON ROBNTGENOLOGV, MAYO CLINIC, 
ROCHESTER, MINN. 


Lesions Involving the Cranium and Its Contents.— In n compre- 
hensive review of the historj'’ of radiologic diagnosis, Percy Brotvn stated 
that the early roentgenologic studies of the skull were unsatisfactory 
it not, indeed, discouraging. To pioneer workers in this field, he pointed 
out, were presented the same difficulties here as in other regions pos- 
sessing three dimensions of nearly the same extent. As the handicap 
of required penetration was gradually overcome, there remained the 
real problem of differentiating tissue changes within superimposed 
structure of itself relatively dense. "S^Tile attempts were made as earlj’’ 
as ISO I to apply roentgenography to the study of intracranial tumors, 
Schuller, as late as 1917, considered the problem of 
duierentiating tissue changes in the skull, in less experienced hands, 
constituted the unattainable, and that it required the wisdom of ex- 
perience to realize that only occasionally could such information be 
obtained directly. 
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Two factors that had considerable to do with the progress of subse- 
quent years were the introduction of the Potter-Bucky diaphragm (1916) 
and the modern duplitized Roentgen ray film (1918). The former 
with its suppression of secondary radiation and the latter with its re- 
duction in exposure time when used -with double screens aft'orded the 
brilliancy of detail in the roentgenogram necessary to the recognition 
of the, finer changes of density in bone or in the tissues of the cranial 
contents. 

In 1918, the procedure of ventriculography following the injection of 
air into the lateral ventricles, performed Ijy Dandy and developed 
roentgenotechnically by Baetjer was accomplished. In his announce- 
ment, Dandy (191 8). declared that these structures could be sharply 
outlined if air was substituted for cerebrospinal fluid, leading to the 
diagnosis and localization of man 3 '^ intracranial conditions; in internal 
hydrocephalus, he found the procedure invaluable. A few months 
later Dandy reported a simpler, less dangerous method of accomplishing 
the same object to which he gave the name encephalographjx In 
ventriculography, gas or air ^v'as introduced into the ventricular system 
bj^ means of direct ventricular puncture through trephine openings. 
In encephalographj’’, gas or air was introduced into the ventriculo- 
subarachnoid space through subarachnoid puncture at the cisterna 
magna or lumbar sac. Each has its specific indications and contra- 
indications. 

The consensus of opinion expressed bj”^ various authors would indicate 
that brain tumors can be localized without the aid of roentgenographic 
methods in 50% of cases. A definite proportion can be localized from 
the roentgenographic findings. In the remaining group, ventriculog- 
raphy and encephalography is the combined effort of the neurologist, 
the roentgenologist and neurosurgeon. 

Lesions of the skidl are, with a few exceptions, quite similar to those 
of other bones of the bodj"^, Sosman (1927) stated, while, those arising 
in the brain, its coverings and appendages, are not duplicated elsewhere 
in the human anatomjx As i)on.v tissue, the cranial vault iS liable to 
injuries, anomalies and deformities; inflammations and repair; and 
new growths, both primarj^ and secondarjx iVnomalies of the skull, 
especiallj’^ as to size and shape, are rarelj'^ of importance, unless one 
classifies turricephal.v, scaphocephah’, oxjwephal.v, and so on, under 
this heading. These would better be grouped under the heading 
“s.vnostosis crani” which indicates that the trouble is due to early 
closure of the sutures, with a conseciuent marked increase in intra- 
cranial pressure as the expanding brain pushes against the unyielding 
skull. 

Primaril.v, one thinks of brain tumor or other intracranial lesion 
when roentgenographic examination of the head is requested. Not 
infrequently the findings are those of lesions other than intracranial. 
Pendergrass and de Lorimicr reviewed the lesions found involving the 
calvarium, that portion of the skull above a plane drawn through the 
supraorbital ridges and the superior nuchal lines of the occipital bone. 

A knowledge of these lesions, particularly the osteolytic, is neccs.sary 
to avoid erroneous interpretations of more serious lesions. Tiiey 
illustrated several common or .anomalous developmental conditions 
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such as dyostosis of the cranial bones, found in association with absence 
of or defective development of one or both clavicles (cleidocranial 
dysostosis); partial dysostosis, almost always the result of an inter- 
fering meningocele; vascular pools in the diploic spaces and particu- 
larly in the anterior or posterior parietal regions, occasionally with 
erosion on the inner aspect of the internal table due' to pockets of the 
meningeal vessels or even of the venous sinuses; and Pacchionian 
depressions producing erosions of the internal aspect of the inner 
table and confined to the parasagittal regions. Filling defects may 
result in bone from; erosions by lesions essentially extraosseous, such 
as malignant neoplasms of the scalp, epitheliomata or sarcoma cutis; 
pneumatocele, pockets of air located either just beneath the scalp or 
confined within the cranial vault; angiomas of the meningeal vessels, 
“spider-like” elongated tortuous channels of erosion or a widespread 
plexus erosion “angioma racemosum;” dilated emissary vessels in the 
occipital region near the midline; aneurysm of the cerebral vessels in 
the basal portion of the skull or in the occipital region; cerebral neo- 
plasm, primary or secondary, situated superficially; hydatid cyst in 
the cerebral cortex; and porencephaly, due to relative herniation of 
regional portions of a lateral ventricle in superficial atrophy of the 
brain substance, following birth injuries or trauma subsequently, 
incurred. 

Bone destruction due to a lesion actually present between or within 
the tables of the skull included; ancient traumatic or surgical fenestra- 
tions; metastatic malignant lesions; plasma cell myeloma; endothelial 
myelomata; chloroma; xanthomatosis; cholesteatoma (epidermoid 
or dermoid); Hodgkin’s granuloma; osteomyelitis (non-specific, 
syphilitic, yaws, tuberculosis, mycotic, kala-azar); mucocele; and 
meningioma. Pepper and Pendergi*ass added an anomaly of develop- 
ment of the parietal foramina in the upper posterior angle of the bone. 
Rarely, foramina of large size result, apparently from an irregularity in 
the process of ossification, and these may be misinterpreted as xantho- 
matosis or any one of a number of the above mentioned defects. The 
anomaly is hereditary, in one family it was traced through 3 genera- 
tions. Sosman (1935) listed osteoporosis, osteoporosis circumscripta, 
osteomalacia, osteitis fibrosa cystica, osteitis deformans (Paget’s 
disease), and leontiasis cranii and bone changes associated with endo- 
crine deficiency or dysfunction in addition to the lesions above men- 
tioned and added osteogenic sarcoma, hemangioma and osteochondroma 
to the primary tumors involving the skull. 

In a review of approximately 3000 roentgenograms of the skull. 
Dyke (1930) noted a thickening and irregularity of the inner table of 
the frontal bone, commonly designated as a benign or senile hyper- 
ostosis, in 3./% of the series. Sherwood Moore studied the series of 
roentgenograms made on 6650 patients and found 96 similar lesions 
which he termed hyperostosis frontalis interna. He also found 133 
cases where the abnormality was limited to the diploe; the tables were 
unafiected. He termed the latter nebula frontalis, hyperostosis calvaria 
dilhisa and hyperostosis frontoparietalis according to their location. 
Roentgenographically they showed a cloudy effect typifying a general 
even increase in the volume and density of the diploe of the vault. 
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The four types exhibited regional distribution, all were bilaterally 
symmetrical, and all four or any combination of the four occurred in 
one individual case. In his series, the patients, approximately 98% 
women, with but few exceptions, revealed a symptom complex as 
striking as the Roentgen findings. All were obese, or showed a tendency 
to obesity of the rhizomelic type. This, with hirsutism, usually on the 
chin, less frequently on the upper lip, suggested an endocrine factor. 
Headache, frequently disabling and referred to the forehead, with 
occasional tenderness and a feeling of pressure was a striking symptom. 
Other neurological findings were listed as noted in various patients or 
groups of patients showing these bone changes. 

Dyke (1930) observed in 4.5% of his series a normal perpendicular 
bone formation in the outer table of the skull, usually in the parietal 
region, which as he remarked exhibited some of the characteristics of 
and might be misinterpreted a^ sarcoma, meningioma or bone changes 
seen in some of the congenital anemias of children. Meningioma 
(dural endothelioma, endothelioma of the meninges, sarcoma of the 
dura) may appear as a cranial hyperostosis in the roentgenogram. 
Phemister credits Virchow with the first report of an endothelioma with 
overlying hyperostosis. The usual interpretation was that the growth 
^of the underlying tumor stimulated the overlying bone, leading to 
non-tumorous new bone formation. It was found by histologic study 
the tumor was pidmary in the meninges and invaded^ the bone by 
direct extension. Cushing (1922) presented the first extensive series 
studied by a single observer with much general information of the 
subject, especially as to the frequency of occurrence and the localiza- 
tion of the hyperostoses and the types of intradural lesions producing 
them. Sosman and Putnam grouped the various meningiomas of their 
series and stated the proportion of each recognizable on the roentgeno- 
gram. The types were: 1, The cranial-nerve-foraminal tumors; 2, 
the suprasellar tumors; 3, tumors arising from the olfactory groove of 
the ethmoid; 4, sphenoidal ridge tumors; 5, Sylvian cleft (temporo- 
f rental) tumors; 0, tumors of the convexities; 7, parasagittal menin- 
giomas; S, meningiomas of the falx; 9, tumors of the transverse and 
sigmoid sinuses. 

When the meningioma presents as a hyperostosis it may show as 
cither an increase or a decrease in the density of the bone; as an erosion 
characterized by a localized roughly circular area of thinning witli a 
mottled spongy appearance, irregular in outline, surrounded by small 
wormlike vascular channels radiating from the eroded area and fre- 
quently disappearing in small circular holes where the vessels perforate 
the bone; or as osteomatous changes, nearly always associated with 
erosion and vascularity, usually as spicules of bone running perpen- 
dicularly to the surface of the bone, or occasionally as a diffu.se thick- 
ening of the involved bone. In about 25% of their cases the channel 
for the middle meningeal artery was enlarged on one or both sides, 
depending on the location of the tumor. This is also found with other 
tumors and occasionally similar vascularity is found without any 
demonstrable lesion. 

Neurinomas (acoustic nerve tumors) were rarely recogmzal)le as 
siich in Sosman’s scries, but frequently gave general signs of increased 
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pressure and occasionally caused erosion of tlie_ petrous bone evident 
as a unilateral enlargement of the internal auditory meatus. Towne 
reported a technique developed by Chamberlain to show this erosion, 
and reported 3 cases in which the lesion had been demonstrated by the 
Roentgen ray. Camp (1929) found that normally there may be" a con- 
siderable difference in the diameter of these openings in the same skull 
and considered localized erosion of the petrous portion of the temporal 
bone and the adjoining base of the skull as reported by Pancoast and 
Mayer a more reliable sign. Taylor and Geyman and Clark discussed 
the use of ^^arious positions to demonstrate suppuration of the petrous 
pyramid. Sussman described an apparatus for making simple exposures 
of the petrous pyramids in the Stenvers projection and modifications 
of this technique to show the mastoid process, mastoid antrum, tym- 
panic ossicles, labyi’inth, internal auditory meatus and middle fossa 
of the skull. 

In a review of approximately 3000 roentgenograms of the skull, 
Dyke (1930) noted the frequency of what are generally regarded as 
“physiologic” intracranial calcifications. He found calcification 
within the pineal gland in 51% of his series. Naffziger and Vastine 
and Kinney devised methods of measuring the normal position of this 
gland and using deviations from this normal position as an indirect 
method of locating brain tumors. Frontal tumors displaced the gland 
posteriorly, temporal tumors also caused posterior displacement, 
parietal tumors displaced the gland downward, occipital tumors dis- 
placed it anteriorly. Unusually large tumors also displaced the gland in 
other directions. The subtentorial tumors caused varjdng degrees of 
upward displacement. Only very large intrasellar or extrasellar tumors 
displaced the gland, then posteriorly. Tumors generally displaced the 
gland to the side opposite the neoplasm, cicatricial contraction in old 
inflammatory lesions drew the gland to the affected side. Dyke found 
calcification of the choroid plexus in 5.1% of his series. This was bi- 
lateral and symmetrically located and oft’ered little chance of confusion 
with the pineal. Calcification in one or both of the internal carotid 
arteries was seen in only 1.3% ofdiis cases. Ossifications in the falx 
cerebri were noted in 6.9%. O’Sullivan found these usually in the an- 
terior portion in the form of needles, plates or buttons which are at 
times paired in the two layers. These so-called osteomas of the falx 
are also seen in the tentorium cerebelli, especially in the region of its 
attachment to the dorsum sellae and the crest of the petrous portion of 
the temporal bone, also in that strip of dura which forms the periosteum 
of the clivus, the bony surface which slopes down from the pituitary 
fossa. He reported retrobregmatic ossifications of the dura which he 
had not before seen described. 

Pathologic calcification may occur in tumors, hematomas, tubercles, 
aneurysms, old abscesses, areas of old meningeal disease and encephal- 
itis. Camp (1930) divided these for practical consideration into the 
neoplastic and non-neoplastic groups. Of the neoplastic group, calci- 
fication was most common in the glial tumors (arising from the brain 
tissue), endotheliomas (meningiomas), suprasellar cj'sts (Rathke’s 
pouch tumors), hemangiomas, dermoids, and cholesteatomas. Other 
tumors rarely calcified. The gliomas, which made up 43% of Sosman’s 
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series, showed only 10 to 12% calcified. Camp in his series found only 
5%. Seliwartz found calcification to vary according to the type of 
tumor. The calcification had a tendenc.y to a string-like formation and 
involved a considerable area. Calcification in meningiomas occurred in 
two different areas: 1, within the capsule or membrane surrounding 
the tumor, and 2, within the tumor itself. In the first instance the 
shadows of the calcification closely simulate those of the calcific or 
osseous plaques found in the falx or meninges; in the second instance 
there were punctate and discrete areas of density corresponding to the 
psammoma bodies which these tumors frequently contain or con- 
glomerate masses of calcareous material. Suprasellar cysts showed 
calcification of some degree in 70% of Sosman’s series. The calcified 
shadows, seen about the outlet of the sella turcica, above the clinoid 
processes, posterior to the clinoid processes, and even within the sella 
turcica itself, are often of a faint, irregular flocculent nature that may 
be easily overlooked. In many cases a dense calcified mass with in- 
distinct edges was observed. The walls of the cyst may calcify in a 
linear fashion. Calcification in dermoids and cholesteatomas simulate 
those of Rathke pouch tumors very closely. In the non-neoplastic 
group, aneurysms containing calcium sufficient to render them opaque 
to Roentgen rays are rare ; where demonstrable the shadoivs are seen 
aboA'e or just lateral to the sella turcica. Unilateral erosion of the sella 
turcica or clinoid processes may accompany the lesion. Angiomatous 
malformations, venous and arteriovenous, are primarily surface lesions 
of the hemisphere; in the roentgenogram the shadows closely simulate 
diffuse calcification of an atrophic cerebral cortex. Calcification in 
hematomas was largely confined to areas within the substance of the 
brain, visualized as an irregular dense shadow, roughly triangular in 
shape. Subdural hematomas rarely have a calcium content sufficient 
to make them demonstrable on the roentgenogram. Changes in the 
sella turcica are an important roentgenological manifestation of intra- 
cranial disease. Camp (1923) dissected and made tracings of 110 sella 
turcicas and reported his findings graphically. His findings were 
similar to those of other observers quoted, that there was a wide varia- 
tion of the normal. The same author, in 1924, stressed the necessity of 
an adequate roentgenographic techniciue to avoid misinterpretation of 
the findings. Bridging of the sella was rare in his experience and of no 
clinical import. Intrasellar tumors enlarge the sella in a uniform 
circular manner at the expense of the floor and the dorsum sella?. The 
floor is slowly eroded until a pouching into the sphenoidal sinus occurs 
with total destruction of the intervening bone. The roentgenogram 
shows a double line of the floor, the higher line representing the lateral 
border of the pituitary fossa, the lower is produced by the contrast of 
the air in the sphenoidal sinus against the lower border of the tumor. 
The dorsum scllm is thinned and eroded; it finst becomes concave on 
the anterior surface, later straight and narrow, and finally is pushed 
backward by the increasing size of the tumor. The anterior clinoid 
processes arc not afl’ected until the tumor has reached a fair size; when 
involved, they arc usually eroded from below and behind with the pro- 
duction of short blunt processes. The amount of sellar deformity was 
no index to the extent of acromegalic changes elsewhere in the body. 
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The pressure associated with extrasellar tumors produces a widened 
and flattened sella. The posterior clinoids are eroded from above 
rather than anteriorly, and they become shortened and pointed rather 
than narrowed and thinned. The anterior clinoid processes are thinned 
and pointed rather than shortened and blunt. The posterior clinoids, 
owing to erect position and central location, are more easily eroded than 
the anterior, and in cases of marked intracranial pressure may exist 
only as mere remnants of the original structures. As the anterior wall 
of the sella and the tuberculuin sellse are eroded from pressure coming 
from -above, the outlet of the fossa becomes widened and the depth is 
diminished. Unilateral lesions showed more marked destruction on the 
side corresponding to the lesion in the specimen, but these changes 
were not distinguishable on the roentgenogram. In children, pressure 
erosion rvill produce a “cupping” of the floor; if a large sphenoidal 
sinus exists the pressure produces complete erosion of the floor. Hydro- 
cephalus induced by causes other than cerebral neoplasm, because of its 
accompanying increased intracranial pressure, will produce changes in 
the sella exactly simulating those induced by extrasellar tumors. De- 
formities of the sella produced by increased intracranial pressure re- 
sulting from such lesions as brain abscess, cerebral aneurysm, or 
craniostenosis (oxycephaly) cannot be differentiated in the roentgeno- 
gram from a deformity produced by other extrasellar lesions. Diseases 
of the sphenoid bone, either primary or secondary in origin, produce a 
marked change in the roentgenographic appearance of the sella. 

When the neurological examination conducted by an experienced 
observer with a careful history, inspection of the visual fields and 
roentgenographic examination has failed to localize a lesion, ventriculog- 
raphy or encephalography, as the neurological findings indicate, is the 
method of choice. Thi? procedure is necessarily a cooperative effort 
of the neurologist, the roentgenologist and the neurosurgeon, because 
in many cases it is but one step in surgical intervention, the operative 
procedure determined by the findings on the pneumograra. 

In the radiological literature. Grant presented one of the most 
succinct reviews of the normal anatomy and physiology of the cerebro- 
spinal fluid channels, a knowledge of which he considered essential to 
an intelligent interpretation of the pneumogram. Within eaclr cerebral 
hemisphere lies a circumscribed collection of fluid, the lateral ventricle. 
On the floor of the ventricle lies the fluid-producing mechanism— the 
choroid plexus. Each lateral ventricle extends in three planes, arching 
forward into (he frontal lobe (anterior horn), backward and laterally 
into the occipital lobe (posterior horn), and curwng laterally downward 
and again forward into the temporal lobe (inferior horn). That part 
of the ventricle from which these horns extend is known as the vestibule 
and it is in this part that the lateral ventricle is largest. Roughly, the 
vestibule lies 3 cm. posterior to a line drawn perpendicularly over the 
vertex from one external auditory meatus to the other and at a hori- 
zontal level to this line and 5 to 7 cm. above the meatus. The two 
lateral ventricles are normally sjunmetrical and equal in size and shape, 
rhe only exit for the cerebrospinal fluid formed in each lateral ventricle 
is through the paired foramina opening from the lower median surface 
of the anterior horns, about 2,cin> behind their tips, the foramina 
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interventriculare (foramina of Monro). These foramina lead into the 
third ventricle, which lies directly in the midline, just above and behind 
the sella turcica and the posterior clinoid processes. From the third 
ventricle, the fluid passes down the midline through the aqueduct of 
Sylvius to the fourth ventricle. From the fourth ventricle the fluid is 
poured into the subarachnoid spaces through the medial foramen of 
Magendie and the two lateral foramina of Luschka. Thence it is carried 
up over the cortex to be reabsorbed into the blood stream along the 
vascular channels. The course of the cerebrospinal fluid is from within 
the lateral ventricles outward. Intracranial tumors cause two main 
types of changes in the outline of these ventricles, symmetrical and 
asjTOmetrical variations in their size, shape and position. Asymmetrical 
variations are due to tumors Ij'ing within the cerebral hemispheres 
lateral to the midline. These effects are due commonly to direct im- 
pingement on the lateral ventricles by the tumor mass. Symmetrical 
dilatations of the ventricles are due to obstruction of the free circulation 
of the cerebrospinal fluid, by tumors situated in the midline between the 
cerebral hemispheres, impinging on the foramina of Monro or the third 
ventricle, or in the posterior fossa blocking the aqueduct of Syhuus, the 
fourth ventricle or the cistern. In the roentgenogram the antero- 
posterior and postero-anterior projection, as a rule, furnishes the most 
decisive information. Defects in ventricular outline seen from these 
angles are much more likely to be real and not due to errors in technique. 
A shift in the position of the lateral ventricles, disproportionate or 
uniform changes in their Size or shape, or obstruction of a horn, or of the 
entire ventricle, are easily discernible. The situation and size of the 
third and fourth ventricle may be noted. The lateral projections 
should confirm the findings in the sagittal plane observations. In 
interpreting the shadows seen on the lateral projections one must 
remember that the size of the posterior horns of the lateral ventricles 
show much variation; a complete absence of these horns may not be 
abnormal. A distortion must be observed in all projections to be of 
diagnostic value. 

Torkildsen and Pirie constructed a cast of the cerebral ventricles 
and in a series of diagrams they illustrated the superimposed portions 
of the lateral ventricles as they appear on the roentgenogram on the 
anteroposterior and posteroantcrior projections. 

The advantages and disadvantages of the various methods suggested 
and used in the procedure of encephalography were discussed by von 
Storch and a new simultaneous replacement apparatus was described, 
based on a clearer conception of the djmarnics involved, Tlie seeming 
comple.xity of the apparatus itself was more than balanced by the ease 
of operation and the results obtained. The advantages claimed were 
that the normal intracranial pressure was resumed when the patient 
was returned to bed; reactions were therefore less severe and the 
roentgenograms were more accurate. Freeman reported the use of 
colloidal thorium dioxid for ventriculography in about 20 cases over a 
period of 2 vears. Advantages were that it was freely miscible with the 
vcntricular'fluid, permitting ready diffusion throughout the cavities. 
It was also of high specific gravity, tending to reach the dependent 
points in the ventricular system, and outlined the aqueduct and fourth 
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ventricle. Most important was the pressure relationships within the 
cranial cavity were not disturbed. In no case was more than 6 cc. of 
the thorium dioxid used. In cases Avhere the fluid pathways were clear 
it passed readily to the subarachnoid spaces and was diminated within 
4 hours from the 'cranial cavity, at least in amounts detectable by the 
Roentgen ray. 

Many excellent papers have been written on the interpretation of the 
pneumographic findings and others correlatmg the pathologic findings 
with the alterations from the normal observed in the roentgenograms. 
Those reviewed are included in the bibliography as a guide to a more 
intensive study of this increasingly interesting subject. 

Charles G. Sutherland, M.D. 
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It is questionable whether true hemophilia exists in the negro 
race. In 1911, Bulloch and Fildes^ presented their exhaustive 
, monograph in which they announced the ability to trace all but 
six of the papers on this hemorrhagic diathesis existing in the liter- 
ature of the world. Preceding this paper there were but 3 reports 
of alleged hemophilia in the negro. Since 1911 there have appeared 
no further accounts of its occurrence in that race. 

The 3 existing accounts of hemophilia in the negro appear in 
abstract in the following paragraphs along with a brief discussion 
as to their merits as instances of this disease. 

In 1874, there appeared in the “Clinic” of Cincinnati the presen- 
tation of the first report. Dr. Hadlock^ described bleeding in a 
mulatto boy aged 7 years. The bleeding occurred from the gums at 
the base of a loose decayed tooth. Removal of the tooth caused an 
increase rather than the expected cessation of the hemorrhage. 
Persulphate of iron pledgets were applied to the bleeding socket with 
little effect. Silver nitrate locally and astringents internally were 
likewise of very temporary value. Following this a series of astrin- 
gents and stjq)tics was used to no avail, for the boy died from ex- 
sanguination 48 hours later. Dr. Hadlock mentioned no laboratory 
studies. He stated that there had been many deaths in this boy’s 
family due to hemorrhage occurring from slight wounds. It was 

, presented before the section on General Medicine at the Colleec 

of Physicians of Philadelphia, on May 25, 1936. 
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more specifically noted that an uncle died as a result of hemorrhage 
from a cut with a scythe, and that the father of the boj^ bled to 
death following a briar scratch. Two brothers died of tuberculosis. 
There was no mention of a bleeding tendency among females in 
this family. This appears to be an example of true hemophilia 
but the presence of white ancestrj’- in the mulatto excludes this 
case from a consideration of hemophilia in the negro. 

The next instance of the disease in a negro was reported by Dr. 
W. R. Steiner^ in 1900. His patient was a negro girl aged 14, who 
was admitted to the hospital with hemorrhage from the nose and 
mouth, and headache. Her past medical history stated that she 
had bled easily from the slightest scratches since early childhood but 
that the amount of blood lost has been slight in ever}' instance. There 
had been no epistaxis previous to the present illness. The present 
illness began 2^ months before admission when the patient lost 
about a cupful of blood due to a spontaneous nosebleed. Following 
this she felt weak and drowsy until her entranee into the hospital. 
Five days and 2 days before the admission epistaxis recurred. 

There were herpetic lesions on the lower lip and over the clavicular 
areas. Tliree da}'s after admission the gums were swollen and bled 
easily and purpuric spots appeared on the arms and legs. 

The family history states that a brother had had a painful, 
swollen ankle joint following acute urethritis. The diagnosis was 
gonorrheal artliritis but Dr. Steiner suggests a possible hemarthrosis 
due to hemophilia. Six other brothers suffered occasionally from 
epistaxis and bled considerably from slight cuts and bruises. One 
died at the age of 34 of hemorrhage from the nose and mouth. There 
were 3 sisters who were not disturbed by a bleeding tendency. The 
mother bled from the nose at interv'als until she was 16 when the 
bleeding tendency ceased. The grandmother occasionally bled from 
the nose and died at the age of 60 years from asthma, dropsy, Bright’s 
disease and heart disease. The great-grandmother was a bleeder from 
childhood but, despite semi-annual cupping and leeching, she sur- 
vived to die of old age. 

The coagulation time on this patient was 3 to 4 minutes and the 
platelet count 212,000 per c.min. Xo other laboratory studies were 
mentioned. 

This is an instance of alleged hemophilia in a negress. Hemo- 
philia probably does not occur in this sex despite numerous reports. 
Bulloch and Fildes found no t}’pical example of hemophilia in the 
female in over 900 cases of the disease. Muir-* traced the genealogy 
of a hemophilic family through 7 generations including over COO 
members and concluded that there was no greater tendency to bleed 
among the women of this family than in an equal number of women 
having no hemophilic connections. During the period from 1922 
to 1936 there have been 12 patients with alleged hemophilia ad- 
mitted to this hospital. AW were in white males. But o of the 12 



747 


CRANDALL: HEMOPHILIA IN THE NEGRO 


case histories bear careful scrutiny as to the accuracy of the diag- 

Steiner’s case emphasizes the fact that when viewed oyer a period 
of several generations, some members of a given family are apt 
to display instances of hemorrhage. The family history in his ^se 
can scarcely be construed as that of hemorrhagic diathesis, ine 
history, the physical findings of purpuric spots and hemorrh^e 
from the gums, and a normal coagulation time seem to place this 
patient in the category of purpura, possibly of the familial or ana- 
phylactoid type. _ _ 1 £ , 

The third instance of hemophilia in the negro was that of a report 
of 2 cases by Dr. Louis Buck,^ of Portland, Oregon. His first case 
occurred in a negro male 30 years of age, who came to Dr. Buck 
suft’ering from spontaneous epistaxis. The nasal passages were 
packed with gauze, a posterior nasal pack was placed and calcium 
chloride 10 grains administered every 3 hours. The bleeding ceased 
and there was no further trouble. No laboratory findings, family 
history or past history were given. 

His second case was that of a negress 24 years of age. She likewise 
presented severe epistaxis which was treated by gauze nasal packs.- 
These packs were left in place for 7 days and the hemorrhage thereby 
controlled. No further episodes occurred. Here also no laboratory 
findings, family history or past history were noted. These 2 case 
reports of severe epistaxis warrant little discussion as instances of 
true hemophilia. It seems logical to suppose that there was little 
in the past history to suggest bleeding episodes and hemophilics 
seldom reach the third decade of life without some serious hemor- 
rhagic manifestations. Furthermore one of these patients was a 
female. 

Thus there is apparently no instance on record of her^ophilia in 
the full blooded negro. The following example of hemophilia is 
therefore thought to be of sufficient interest to warrant its report. 


Clinical History. The subsequent remarks concern a colored boy, 
J. B., aged 10 years. 

ffis familj’^ history states that he has 4 siblings; a sister aged 6 years, who 
IS living and well, another sister who died at the age of 1 year of diabetes, 
and 2 brothers, 13 and 6, who are living and well. Both brothers have nose- 
bleeds on the average of once a week, Their bleeding times (I\w method) 
vere lo and 2-1 minutes respectively. Coagulation time (capillary tube) 
lOQm platelets (Olaf’s method) 238,000 and 480,000 (May, 

IJdo). y he father is liwng and well and has no tendency to bleed. The 
mother is hwng and well, and in her familj’’ there are 9 brothers, all of whom 
are in good health and in wliich there is no history’’ of bleeding except in the 
youngest, now 25, who has had frequent nosebleeds since childhood but 
no tendency to hemorrhage from cuts and no swollen joints. The patient’s 
grandfather on the maternal side had frequent nosebleeds during the last 
lev years of his life, but died of hj-pertension at the age of 76. There were 
no taiov-n bleeders among the mother’s uncles. The mother of the patient 
las 6 bistem among the families of whom there is a total of 18 sons, all of 
hom are Imng and well and none of whom display a hemorrhagic tendency. 
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The mother, ■when questioned concerning interbreeding "with the ■whites, 
stated that her grandmother (paternal) "was a very black negress; her 
father and mother ■were likewise very black. Brothers and sisters of the 
mother are_ aU dark and she knows of no instance of a light colored person 
in her family. The mother like^wise knows many of her husband’s family 
and_ states that there are first cousins of his who are light and have been 
“mixed up with the whites” but that these are all the offspring of one uncle 
and that the light tendency occurs in no other branch. (The information 
concerning these light negroes furnished in contemptuous tone.) 

'The hemophilic boy and his 2 brothers are the blackest of negroes and 
their appearance is certainly against the impression that they may possess 
white ancestors. 

The past medical history states that at birth there was no unusual bleed- 
ing from the cord. At the age of 3 or 4, the child began to bleed from the 
nose once or twice a week. At the age of 6 or 7, it w'as first noticed that 
cuts would bleed intermittently for 3 or 4 days. During the 3 or 4 years 
pre'vdous to admission, the family has noted frequent swellings of the ankles, 
knees and "OTists occurring after hard play, usually connected with a fall. 
These swellings would last a week or more. There was never any hematuria, 
melena or hematemesis. The boy has never before been hospitalized. He 
has apparently been normal as to his acthdties. He had influenza at the 
age of 1 year, typhoid fever and chicken pox both at 2 years of age. He was 
a full term baby, born by spontaneous delivery. He sat up at a later date 
than normal and did not walk for over 1 year. He talked at the “ appro- 
priate time.” He received no orange juice until the age of 18 months. 

He _ was admitted to this hospital for the first time on May 28, 1935. 
At this time his chief complaint was bleeding from the gums. He had been 
bleeding for about 1 ■week and on the day of admission the bleeding became 
more profuse and the family became alarmed. The father stated that his 
diet had been_ replete ■with vegetables and that he had had no pain in his 
arms or legs since the onset of the present bleeding episode. He had been 
receiving fruit on an average of once a ■w'eek. 

Ph}’'sical examination revealed an apprehensive, somewhat listless, but 
cooperative young colored boy, moderately well nourished. He show'ed 
marked pallor of the mucous membranes and the conjunctive. The eye 
grounds showed no hemorrhage. The gums, lips and oral mucous mem- 
branes were pale; the gums were firm and there was blood oozing from them 
along all the upper left teeth. The incisors were notched but not of the 
Hutchinson type. The pharynx was injected and the tonsils were present. 
The glands showed a generalized enlargement of those of the neck, groin, 
axiUce and the epitrochlears. The spleen was not palpable. The neck was 
normal except for the adenitis. The lungs were normal. The heart was 
rapid (102 per minute) . The rh jdhm was regular ; there was no enlargement. 
There was a systolic murmur heard over the entire precordium. The ab- 
domen ■was not tender; no palpable organs with the exception of the liver 
edge ■ndiich could be felt at the costal margin on deep inspiration. The 
genitalia ■were normal. The extremities sho'^'ed pallor of the nail beds. 
There was no pain over the long bones and the reflexes were normal through- 


On June 5, 1935, a tooth was extracted and the patient bled for 3 days, 
after which he felt well. On June 14, he fell and cut his right little finger. 
It was noted that he bled readily and soaked the dressings. 

Laboratory' studies on hlay 29, 1935, showed the hemoglobin to 
48%: R.B.C. 2,970,000; W.B.C. 7100 of which 55% were neutrophils, o% 
eosinophils, 1% basophils and 39% hunphocsdes. The blood sugar was 
57 mg. %; the blood calcium was 9.8 mg. % and the blood phosphonis 
5.2 mg. %. The Wassermann and ICahn tests were both negative, un 
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June 3, roentgenograms of the knee regions were negative for evidence 
of scurvy. The boy was discharged on June 14 without definite diagnosis 

as to the cause of the bleeding. ^ ^ i. i 

On July 15, 1935, he returned to the Out Patient Department Dental 

Clinic where he was not recognized and where the family denied a history 
of bleeding. Consequently another tooth was extracted. On July 16, he 
was readmitted to the hospital because of bleeding from the tooth socket. 
Attempt to control the hemorrhage by thromboplastin and pacldng locally 
and 10 cc. of thromboplastin intravenously was unsuccessful, _ He was 
still oozing on July 17 when his hemoglobin was 48% and his R.B.C. 
2,710,000. His pulse was 130. On July IS the bleeding continued and an 
indirect transfusion of 200 cc. of citrated blood was given. One hour after 
the transfusion there was a chill and a rise in temperature to 104° F. The 
hemorrhage ceased. Subsequently there occurred a minute amount of 
hemorrhage for 1 day. 

On July 23, he was transferred to the medical service. It was here noted 
that the mucous membranes, conjunctivaj and nail beds were almost white. 
The pulse rate was 116, the spleen not palpable. On this day the R.B.C, 
were 2,300,000 and the platelets 320,000 per c.mm. On August 7, the patient 
was up and about the ward and a note was made to the effect that he was a 
disciplinary problem. Four da 3 ^s later it w'as noticed that there was limping 
due to considerable swelling of the left knee. This knee was not hot or 
tender but was painful on motion. On questioning the patient, he revealed 
that while playing in a wheelchair the night before, he had bumped the 
knee against one of the arms of the chair. The intern made a diagnosis of 
hemophilia with hemarthrosis. The bleeding and coagulation times w'ere 
taken and found to be 2=/ minutes and 1 hour and 45 minutes plus, respec- 
tively. 

Five days later sw'elling in the knee was subsiding. The patient had some 
fever which was unexplainable other than by absorption of the products of 
the clot in the knee joint. On August 21, the knee was flexed to about 120 
degrees and there was marked distention of the joint space with little motion 
possible. The joint w^as tapped and 20 cc. of bloody fluid obtained. Three 
days later on repeated tapping, 100 cc. of dark fluid was removed. During 
this time the patient was receiving daily intramuscular injections of from 
10 to 20 cc. of whole blood. On September 1, oozing began from the point 
at w'hich the needle was introduced for the knee tap 9 days previously. On 
September 4, he w'as still bleeding and 10 cc. of fresh rabbit serum was 
injected intramuscularly. The blood pressure w^as 108/60, the pulse 180, 
the coagulation time 38 minutes._ The patient w^as given a transfusion of 
200 cc. of citrated blood. F6r this transfusion both the mother and father 
were typed and the Wassermann and Kahn tests on both were negative. 
Tlie following day the pulse dropped to 130, and the coagulation time was 
13 minutes. Two daj^s later he was given a third transfusion of 175 cc. of 
citrated bloom On September 11, rabbit serum w^as again given intra- 
muscularl}'. Bleeding continued intermittentty from the tap wound from 
September 1 to IS, 193.5. 

Tlie '"’3s kept at rest until October S at which time physiotherapy 
w a.s instituted m an attempt to improve motion in the knee joint. Walking 
and pnj'mo therapy gave about 30 degrees motion and fair function in the left 
knee by November 30 when the patient w^as discharged. During the coume 
01 Ills active bleeding (September 5), the patient complained of abdominal 
pain beneatli the nght costal margin. This lasted for but 24 hours and there 
was no recurrence. 

Tiie studies done on the patient during his stay in the hospital included 
Tiiose above recorded and several other coagulation and bleeding times. 
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In all, there were 12 determinations of the coagulation time. These were 
as follows: 


1935. 

Time in minutes. 

July 27 . . . 


August 4 . . 

5 

August 12 . . 

105-t- 

August 25 . . 

90-}- 

September 4 

38 

September 6 

13 

September 11 , 

36 

September 18 . 

19 

September 20 . 

17 

October 1 . 

27 

October 2 . 

. ■ 42 

November 4 

60-i- 


On February 27, 1936, 5 months after the last bleeding episode had ceased, 
the coagulation time was 22 minutes. With the exception of the one in 
which the coagulation time was 5 minutes, the other 12 ranged between 
13 minutes and 1 hour and 45 minutes. The bleeding time on all occasions 
was within the normal limits. The platelet count was normal. The clot 
retraction was normal on two occasions. On A’^ovember 4, appro.ximately 
7 weeks after cessation of bleeding, the blood was observed not to clot for 
over 1§ hours, but the retraction was normal when the clot did form. The 
Wassermann and Kahn tests were negative on 3 occasions. On September 
20, 1935, a Roentgen ray study of the left knee was reported as follows; 
“There is considerable swelling about the left knee joint and the supra- 
patellar bursa in particular. There is some destruction of the posterior 
articular surface of the patella with beginning squaring of the intercondylar 
space” (Figs. ^4 and B). Dr. W. C. Hall, the roentgenologist, was of the 
opinion that while these findings are not absolutelj' typical of hemophilia 
they are undoubtedly due to this conation.®'’ On October 9, there was 
somewhat more bone destruction about this joint, otherwise report was the 
same as previously noted. On November 6 this knee showed no bony 
ankylosis. On N'oA’ember 22, the wrists, shoulders, elbows, knees and ankles 
were examined and, with the exception of one small area on the right knee 
and the above named changes in the left knee, there was no evidence of 
bony change. 

The boy has continued in good health since the cessation of the bleeding 
episode in Sqjtember of 1935. There remains as evidence of his illness 
onl}'' deformity and restriction of motion in the left knee and a prolonged 
coagulation time. 

Summary. A careful review of the literature has failed to rer’cal 
a single case of undoubted hemophilia in the negro. The case here 
reported, excepting for the family history, is tj’pical of hemophilia. 
In spite of frequent nosebleed in 2 brothers and a maternal uncle 
and grandfather, the family history cannot be interpreted as the 
genealogy of a hemophilic. The patient was a very black negro 
rvithout any ascertainable evidence of white ancestry who presented 
a history of immoderate hemorrhages from several sources since 
early diildhood. He further showed rapid recovery following hem- 
orrhage and had also the characteristic mischievous temperament 
which” Bulloch and Fildes noted as being so constant that it might 
be regarded as almost a minor feature of the disease. He developed 
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hemarthrosis of the left Icnee and johit changes typical of those 
found in hemophilics, though they are not pathognomonic. But 
1 of the 13 coagulation time tests was within normal limits. This 
one was taken during a period of active hemorrhage. The coagula- 
tion time was still markedly prolonged 5 months after cessation 
of hemorrhage. The platelet count, the tourniquet test, the clot 
retraction, the Wassermann and Kahn tests were all negative. 

It is generally recognized that a qualitative defect of ’the blood 
platelets interfering with proper coagulation of the blood exists in 
hemophilia. Studies are being made calculated to prove or to dis- 
prove the existence of such a defect in the platelets of this patient. 

Conclusions. The case here cited is apparently the first instance 
of hemophilia in the full blooded negro to be recorded. 

I wish to express my appreciation of the advice and criticism given by Dr. David 
L. Farley during the preparation of the manuscript. 

REFERENCES. 

1. BuUoch, W., and Fildes, P.: Eugenics Laboratory Memoirs XII, Treasury of 
Human Inheritance, Parts V and VI, Section XlVa Haemophilia, London, Cam- 
bridge University Press, 1911. 

2. Dr. Hadlock; Hemorrhagic Diathesis, “Clinic” of Cincinnati, Trans. Acad. 
Med., 7, 241, 1874. 

3. Steiner, W. R.: Hemophilia in the Negro, Johns Hopkins Hosp. Bull., 11, 44, 1900. 

4. Muir, J.; Heredity in Hemophilia in South Africa, J. Med. Assn. South Africa, 

2, 699, 1928. ' 

5. Buck, L.; Hemophilia in the Negro, Med. Rec., 68, 149, 1900! 

6. Prip Buus, C. E. ; Articular Changes in Hemophilia, Acta radiol., 16, 503, 1935. 

7. Rypins, E. L. : Roentgen Ray as an Aid in the Diagnosis of Hemophilia, Am. 
J. Roentgenol., 31, 597, 1934. 


PERNICIOUS ANEMIA IN THE- NEGRO. 

By K. H. IvAMPMEiER, M.D., 

CLINICAL rnOFESSOB OF MEDICINE, LOUISIANA STATE UNIVERSITY MEDICAL CENTER", 
VISITING PHYSICIAN, STATE CHARITY HOSPITAL, 

AND 

Paul B. Cameron, M.D., 

INSTRUCTOR IN MEDICINE, LOUISIANA STATE UNIVERSITY MEDICAL CENTER; SENIOR 
HOUSE PHYSICIAN, STATE CHARITY HOSPITAL, NEW ORLEANS, LA. 

(Prom the Departments of Medicine, Louisiana State University Medical Center and 
Charity Hospital of Louisiana.) 

Although anemia in the most bizarre forms develops in the 
negro, true pernicious anemia is considered to be quite rare, a fact 
borne out by the paucity of the literature on the subject and by the 
appearance of reports of small series of cases. Carr' reported 6 in 
24S cases of pernicious anemia. Willson and Evans- found 8 
mulattoes among 111 cases of pernicious anemia in the Johns 
Hopkins Hospital in 34,280 colored admissions. Eight cases were 
found by TraiiP in a total of 256 cases of pernicious anemia at Cook 
County Hospital, where 33% of the admissions were colored. 
IMatthews^ encountered 2 instances among 4940 admissions to the 
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Veterans Bureau Hospital at Tuskegee, Alabama, in 5 years. From 
arnong 4503 negro admissions to the Peter Bent Brigham Hospital, 
Friedlander® reported 3 cases. Jamison® found the records of 12 
cases in 121,000 colored admissions to Charity Hospital from 1920 
to 1925. 

Incidence. The decade 1926 to 1936 was selected because 1926 
marks the inaugural of liver therapy in this hospital, the response 
to which affords an additional diagnostic proof. There were 247,239 
colored admissions in this period, of which 43 cases were filed as 
pernicious anemia. We have rejected 25 of these because of insuffi- 
cient data, and present below in tabular form 14 cases which we 
believe to be true .pernicious anemia. A brief summary of 4 more 
presumptive cases, in which the data are too scanty to make them 
entirely acceptable, are added. The 14 cases represent an incidence 
of 1 case per 17,659 colored admissions. 

In the same period, 277,324 whites were admitted. Of these, 187 
cases are listed as pernicious anemia; 98 were taken to be true per- 
nicious anemia and 89 were rejected by the same standards em- 
ployed in selecting the colored cases. An incidence of 1 white case 
per 2829 white admissions is obtained, and 1 negro with pernicious 
anemia to 7 whites. The ratio of white to colored admissions in this 
period is 1.12:1. 

Fhe average age of the negro patients was 52 years, with extremes 
of 27 and 70 years. Nine of the patients were in the 5th or 6th 
decade. 

Nine of the accepted patients were males, and 5, females. In the 
white group, the females predominated slightly. 

Admissions into the hospital were slightly higher in the spring 
and summer months; this was also true of the white patients. 

The duration of symptoms prior to admission averaged 9 months, 
with extremes of 2 months and 2 years. 

Selection of Cases. All cases selected for this report showed 
achlorhydria. All had macroc.>i;ic hyperchromic anemia of marked 
degree which responded to liver therapy. They presented one or 
more of the symptoms of weakness, debility, numbness and pares- 
thesias, breathlessness, palpitation, mth or without edema, in the 
absence of cardiac failure, icterus, and cord changes. 

Carcinoma of the stomach, pellagra, sprue, malaria, cirrhosis of 
the liver, hookworm and fish tapeworm infestation were apparently 
absent in the cases chosen. Cases having either a history of syphilis 
or a positive Wassermann were not believed to be acceptable because 
of the known mimicry of pernicious anemia by syphilis. 

Clinical Data. The s>Tnptoms exhibited by the accepted cases, 
witli the physical findings, are listed in Table 1 . 

In all 18 cases of accepted and probable pernicious anemia, the 
Wassermann test was negative. Further, the spinal fluid Wasser- 
mann and cell count were negative in 7; in the remaining cases it was 
not done. 
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Table 1.— Symbtoms and 


Symptoms. 

No. cases. 

Weakness .... 

. . .14 

Dyspnea . . . ■ 

. . 10 

Palpitation 

9 

Paresthesias 

. . 9 

Edema 

. . 8 

Vertigo .... 

. . 7 

Diarrhea .... 

. . 0 

Anorexia . ; . . 

. . 5 

Abdominal distress . 

. . 5 

Sore tongue . . 

. . 5 

Difficulty in walking . 

. . 2 

Incontinence . 

. . 2 

Precordial pain 

. . 2 


Signs in 14 Gases. 
Signs. 

Glossitis 

Icteric sclerai 
Increased knee jerks 
Cardiac enlargement 
Systolic murmur 
Loss of vibratory sense 
Ataxia .... 
Absent knee jerks . 
Babinski 


cases. 

9 

8 

8 

5 

5 

4 

8 

2 

2 


Achlorhydria was present in all cases, usually on more than one 
examination, and in 5 of the 18 cases, histamine was employed. In 
addition to the 8 cases showing clinical jaundice, of which 3 showed 
icterus indexes of 22, 40, and 50, respectively, there were 2 with an 
icterus index of 8. 

For the sake of brevity, the characteristics of the erythrocytes 
on smear were omitted from the table of accepted cases, and reports 
of probable cases. All of the smears showed anisocytosis, poikilo- 
cytosis, and usually polychromatophilia, stippling and macrocytes. 
Some showed normoblasts and megaloblasts. Unfortunately, 
reticulocyte counts were not made frequently enough to make pos- 
sible the presentation of a curve. However, after institution of 
liver therapy, for a varying number of days, in 8 of the 14 accepted 
cases, there were reticulocjde counts indicating bone marrow re- 
sponse. The maximum reticulocyte count available in the 8 cases 
were 4.5, 5, 6, 9, 9, 12, 17, and 29% respectively. Some of these 
obviously were not made at the time of the anticipated peak response. 

The white counts in all cases but one, which was 6000, were 
below 4000, practically all of them being between 2000 and 3000. 
The neutrophil cells were usually from 30 to 40% of the total on 
admission, and with liver therapy increased to a normal percentage. 

In Table 2 are presented data pertment to the 14 accepted cases. 
Minimum and maximum erjdhrocyte counts, expressed in millions, 
and minimum and maximum hemoglobin values have been arranged 
for comparison. The total number of red counts done in these cases 
varied. In one, only 3 were done, in one 5, and 11 in a third. Of 
the remaining, two had 4 counts, two 6, two 8, two 9, and two 10 
counts. Hemoglobin is reeorded in grams per cent. In those in- 
stances where estimation was done by other than the Newcomer or 
Sahli method, the value was converted to grams on an arbitrary 
basis of 16 grams being 100%. 

In addition to the 14 cases accepted as definite pernicious anemia, 
there were 4 in which the evidence available points to the prob- 
ability of this disease, but in which the insufficient laboratory data 

do not justify an unqualified diagnosis. These cases are shown on 
page /55. 



TabI/E 2. — Data in 14 Cases of Pernicious Anemia in Negroes. 
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t Followed weekly to July, 193G. 1 oc. intramuscularly weekly 

t Died of pneumonia. 

§ Had taken 2 drams of liver extract daily. In 1934, red blood count was 4.10; hemoglobin 13.G. 
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ra«5P Renorts. Case 1— I. H., male, aged 24, complained of abdominal 
pains dyspnea, weakness, palpitation and diariiea. 
a clossitis icteric scler®, and absence of knee jerks. Red blood cells num- 
bered 580,000, hemoglobin 2.2 gm., hematocrit 6-^%’ 
volume 112 cu. micra. The smear presented normoblasts, megaloblasts 
and 4.5 retiqulocytes.. Icterus index was 50. One transfusion was given. 
Patient developed pneumonia and died before further studies could be made. 

Case 2.— T. G., male, aged 59, presented sjonptoms of sore tongue, ver- 
tigo, diarrhea, paresthesias, and inability to ivalk. On examination, there 
were glossitis, icterus, absence of vibratory sense, and spasticity of the lower 
extremities. Spinal fluid w^a^ negative. Red count was 1,790,000, heino- 
globin 8.41 gm., color index 2.3, cell volume 108. Icterus index was 40. 
Clinical improvement took place in 17 days after one transfusion and 17 
vials of liver extract. Red count increased to 2,630,000, with color index 
of 1.1 Necropsy showed enlarged, gray spleen and the liver contained 


some hemosiderin. , , . 

Case 3. — ^P. Y., male, aged 51, complained of inability to w^alk. Exami- 
nation showed hypoactive reflexes. The red blood cells were 1,790,000, 
macrocytes were present on smear. After 210 vials of liver extract in 97 
days, the red count mounted to 4,500,000. 

Case 4.— 0. H., female, aged 43, presented weakness, dj’^spnea,_ edema and 
difficulty in walking, with numbness of the feet. Examination showed 
hyperactive reflexes and positive Romberg. There W'ere 670,000 red blood 
cells, with mean corpuscular volume of 112 cu. micra. After 5 days of liver, 
the reticulocytes were 13%. At the end of 3 weeks of liver therapy, the 
red count had risen to 1,780,000. 


Discussion. An incidence of 1 colored to 7 white patients with 
pernicious anemia, on a basis of equally rigid selection, is not so 
great a difference between the two races as has been generally 
taught in the past. There may be two possible explanatory factors. 
It is conceded, by physicians who have had experience in both the 
Mid-W'est and the South, that pernicious anemia is less common 
here than in the former area. Second, due to the large percentage of 
negro admissions at Charity Hospital (45%), probably a larger 
number of this race is available for comparative study than in any 
other institution admitting both colored and wdiite patients. 

It is felt that a selection on the basis outlined above is sufficient!}'' 
rigid to warrant acceptance of these cases as true Addisonian anemia. 
In the 14, there occurred a macrocytic anemia with high color index 
and achlorhydria, and response to liver extract, in the absence of 
oth^ conditions simulating the picture of pernicious anemia. It 
IS admitted that the blood picture in each case should have been 
tollowedto normal levels, and also that in some, the liver therapy was 
inadequate. How^ever, this could not be avoided because deplorable 
overcrowding makes prolonged hospitalization impossible. Too, the 
negro is very prone to desert wdien he feels subjectively improved. 

hour of the 14 cases chosen have been studied personally by us 
and we have followed one through a relapse wffiile he ivas unable 
lor financial reasons, to procure liver. On the initial admission his 
extreme atasa compelled him to be carried to the hospital. He now 
'alks unaided to the hospital each week to receive an injection of 



756 FLIPPIN, smTH: addison’s disease in the negro 

Striking is the frequency of cord changes as manifested by sub- 
jective complaints of numbness, ataxia, -walking difficulties, and 
the finding of abnormal reflexes, and loss of vibratory sense. These 
occurred in a higher percentage of cases in this series than would 
be seen in white patients. This is readily explained by the fact that, 
generally speaking, the pathology of disease is more advanced in the 
negro, on admission, than in the white. 

It is universally accepted that pernicious anemia, rarely, if ever, 
occurs in the full-blooded negro. This js probably true. Of our 
series, we know definitely that the 4 we observed were of mixed 
white and negro blood, and it is quite possible that the rest were also. 

Summary. 1. Fourteen acceptable and 4 presumptive cases of 
pernicious anemia have been found in almost a quarter million 
negro admissions to Charity Hospital. 

2. The low incidence of pernicious anemia in the white admissions 
to this hospital gives a ratio of 1 colored to 7 white patients with this 
disease. 

3. The symptoms of the negro are almost the same as of the white 
patients, differing only in degree, due to the notorious self-neglect 
of the former race. 

4. Pernicious anemia probably does not occur in the pure blooded 
negro, though in only 4 of our cases has a mixed ancestry been 
established. 
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ADDISON’S DISEASE IN THE NEGRO. 

Report of Seven Cases. 

By IUrrison F. Flippin, M.D., 

BESIDENT IK MEDICINE, HOSPITAL OF THE UNIVERSITY OF PENNS^XVANTA. 

AND 

O. Norris Smith, M.D., 

PATHOLOtiY, HOSPITAL OF THE UNI^ ERSITi OF PENNS^ LVANIA, 
PHILADELPHIA, PA. 

(From the Department of Medicine and the Department of Pathology. University of 
Pennsjdvania, School of Medicine.) 

Over 300 cases of Addison’s disease are reported annually in the 
registration area of the United States.^ It is generally accepted that 
the disease is prone to occur more frequently in members of .tlie 
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laboring class. At 

hirii”iicideiicf o! tateculosis among Negroes, '’'S'7 

maLl labor by which many of riiem f “ face 

t^nrnnsine that only 7 cases® of this syndrome m the coiorea ract 

anpear to have been reported. A casual inquiry at a few neighboring 
hospitals has brought to.light 6 

we are privileged to add to the 1 recently observed at the Unii ersitj 
Hospital This would seem to indicate that this clinical picture is 
more frequent among Negroes than is generally appreciated. 



Fig. 1. — Case 1. Intense cutaneous pigmentation. 


Case Abstracts. Case 1.— (University Hosp. No. 35-21267). A 60- ' 
year-old ebon Negress was admitted to the service of Dr. Alfred Stengel in 
an extremely weakened condition, the increasing pigmentation of the skin 
having been noted for 7 months. Her husband insisted that she had previ- 
ously been a “high-yellow” Negress. For 2 months she had frequently 
vomited, lost 23% of her body weight, and become increasingly fatigued, 
necessitating bed confinement at home under her physician’s care 3 weeks 
before hospitalization. 

Upon admission, physical examination revealed an extremely weak, 
intensely pigmented, elderly Negress, temperature 98.2°, pulse 84, respira- 
tira 34, several pigmented ntevi of the face, general loss of muscle tone, 
diffuse faint stria; of the skin, patchy buccal and lingual pigmentation, h3rpo- 
(^5/45), and fine moist rales at the apex of the left lung.. Urinalysis, 
blood count, Wnssermann test, urea nitrogen and sugar determinations were 
notabnomal. The blood sodium (130.7 m.eq./L.) and chloride ,(89.4m.eq./L) 
were diminisbed. No acid fast bacilli were found in a single sputum exami- 
nation. A tentative diagnosis of Addison’s disease vith active pulmonary 
tuberculosis was made, and large doses of potent adrenal cortex extract and 
sodium chloride were administered. The patient gradually lapsed into 
conia, With steadily falling blood pressure and terminal hyperpvrexia (lOfi®! 
death supervening 41 hours after admission to the ward 
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Autopsy: the adrenals were replaced by fibrocaseous tuberculous masses, 
accompailied by mesenteric tuberculous lymphadenitis and bilateral apical 
fibrous tuberculosis. An atrophic thsunus persisted. The p^e^^ously 
mentioned pigmentation of the skin and mucosal surfaces was also faintly 
^dsibIe in the urinary bladder. 



Fig. 2. — Case 1. The tongue, showing patchy pigmentation. 


Case 2. — (Presbyterian Hosp., New York). A 54-year-old Negress was 
admitted Qomplajning of wealoiess, loss of weight, and increasing skin pig- 
mentation for 4 months. At postmortem examination bilateral adrenal 
- tuberculosis, obsolete ,.puImonary tuberculosis, and miliary tuberculosis 
were demonstrated. 

Case 3. — (Presbyterian Hosp., New York). A 33-year-old Negro re- 
turned to the hospital 3 years after removal of a tuberculous kidney, 
harfng noticed skin pigmentation for 1 j’^ear. Three weeks before admission 
he ceased work because of rapidb’’ developing weakness, anorexia and vomit- 
ing. At autopsy there were found obsolete pulmonarj' tuberculosis, bilateral 
' adrenal tuberculosis, tuberculous pneumonia and peritonitis. 

Case 4. — (Presbyterian Hosp., New York). A 39-year-old Negro came 
to the hospital stating that he had “grown three shades darker in the 
past year,” and had become quite weak during the previous 6 weeks. 
Tuberculosis was clinicallj' e^ddent in the left kidne}-^, the seminal vesicles 
and the right epididjnnus. Developing severe adrenal insufficiency, the 
patient was successfully treated with sodium chloride and discharged. 
Seven months later he died suddenljq presumably due to hypoglycemia 
which he had exhibited previously, but an autopsy was not perfomed. 

Case 5. — (Biyn hlawr Hosp.. No. 019754). A 65-year-old Negro was 
admitted to the* service of Dr. J. L. Spangler m'th active pulmonary and 
eiridid^nnal tuberculosis, first recognized 3 months previously. The chief 
complaint was the nightlv occurrence of brief clonic spasms of the leg 
muscles, with general soreness and weakness necessitating confinement m 
bed for a fortnight. Increasing pigmentation of the skin for several months 
was affirmed by the patient’s pastor. Asthenia, emaciation and hypoten- 
sion (85/58) were the paramount physical findings, while during the 3 weeks _ 
before death there appeared anorexia, vomiting, hiccoughs, incoherence 
and hvpomania. At autop.=y the adrenals were found to '’c entirely de- 
stroyed by caseous tuberculosis, with less extensive lesions of the lungs and 
genital tract. 
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Case 6.— (Philadelphia General Hosp., Autopsy No. 21967). A 26- 
vear-old Negress was admitted to the service of Dr. H. D. Jump m hypo- 
glvcemic coma, with history of general malaise, weakness, loss of_ weight 
and skin pigmentation for 1 year. Glucose therapy failed to alleviate the 
semistuporous state of the patient, and she died 6 days later. Fibrocaseous 
tuberculosis of both adrenals was found at autopsy. 

Case 7.— '(Philadelphia General Hosp., Autopsy No. 29416)., A _ 21- 
year-old Negro, ivith old Pottos thoracic deformity and history of previous 
hypoglycemic coma, was admitted to the service of Dr. W. E._ Hobertson 
with severe abdominal pain and vomiting, the second exacerbation of these 
symptoms. He presented hypotension (SO/40), pigmentation of the mouth 
and hands, and slightly subnormal blood chloride level. He died 3 days 
later of acute adrenal insufficiency. At autopsy no pulmonaiy tuberculosis 
could be demonstrated, but the vertebral and both adrenals were extensively 
involved. 


Discussion. The comparison of the 14 reported cases of Addison’s 
disease in the Negro present many interesting conclusions. Eight 
of the patients were male's, 6 were females, and with one possible 
exception (Case 4) , all died with signs of adrenal insufficiency . Their 
ages ranged from 21 to 65 years, the average being 44 years at death. 
Increasing skin pigmentation in 12 of the 14 cases had been recog- 
nized by the patients or their friends for several months before hos- 
pitalization. Anorexia, vomiting, loss of weight and increasing 
weakness were prominent features of almost every history. Hypo- 
tension was pronounced in each case where blood pressure readings 
are given. The maximum duration of life after recognition of the 
disease was 7 months, while 6 of the victims succumbed within 8 
days after hospitalization. Tuberculosis w^as the etiologic agent in 
each of the 11 cases which came to autopsy, 1 case (that of King and 
Mulholland) also showing a congenital absence of one adrenal. 

Summary. 1 . Seven cases of Addison’s disease among N egroes are 
presented, bringing the total number in the literature to 14. 

2. The occurrence of this syndrome in the Negro would seem to 
be much more frequent than the recorded cases would indicate. 

3. The diagnoses as a rule were made in the late or terminal stages, 
but otherwise the sjanptomatology differed in no w^ay from that 
usually seen in wdiite patients with this syndrome. 

4. Tuberculosis was the etiologic agent in each of the 11 cases 
which came to autopsy. 


y e to express our appreciation for the privilege of presenting these additional 
cases to Dr. Robert Loeb (Cases 2, 3 and 4), to Dr. John L. Spangler (Case 5) and 

in (Cases 6 and 7). The last 2 cases are presented 

in more detail from the standpoint of hypoglycemia by Dr. John Welty in the follow- 
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HYPOGLYCEMIA IN ADDISON'S DISEASE. 

By j. W. Welty, M.D., 

RESIDENT IN PATHOLOGY, PHILADELPHIA GENERAL HOSPITAL, 

AND 

H. F. Robertson, M.D., 

INSTRUCTOR IN MEDICINE, UNIVERSITY OP PENNSYDVANIA.; ASSISTANT VISITING 
PHYSICIAN, PHIDADELPHIA GENERAU HOSPITAL, PHILADELPHIA, PA. 

(From the Division of Pathologj', the Laboratories and the Department of Medicine, 
Philadelphia General Hospital.) 

The occurrence of hypoglycemia in affections of the adrenal 
glands has been noted both clinically and experimentally by many 
observers; current textbooks, however, fail to mention it. Bierry 
and Malloizel,^ in 1908, noted reduction of blood sugar values in 
dogs following adrenalectomy; Borges- confirmed this observation 
2 years later and in addition reported 3 cases of Addison’s disease, 
all of which presented low blood sugar levels. Janney and Isaacson,® 
in 1918, stated that hypoglycemia frequentlj' resulted from hypo- 
endocrine function, showing experimentallj’^ that it developed regu- 
larly after thjToidectomy and calling attention to its frequent 
occurrence in destructive lesions of the adrenal glands. In an ex- 
tensive ^e^’iew of Addison’s disease in 1925, Rowntree^ noted the 
very frequent finding of a fasting blood sugar below the normal level 
and stated that in 2 of his cases it had reached the low figure of 
45 mg. %. Chapman® reported a case in 1926 which presented a flat 
glucose tolerance curve and Wadi® later called attention to the simi- 
larity of sj’mptoms in Addison’s disease and hj’poglycemia, describ- 
ing at that time a case of the former with convulsions relieved by 
dextrose administration; diagnosis in this case was proved by 
necropsy. Turner" and Forges and Adlersberg® also reported cases 
showing marked increase in the carbohydrate tolerance. Wau- 
chope’s® recent review of hypoglycemia summarizes the knowledge 
to date upon this subject. 

A few observers have disagreed with these findings. Sakaguclii' 
noted no definite hypoglycemia in 5 cases of Addison’s disease and 
later was imable to produce this phenomenon by removal of the 
adrenal glands in rabbits. He concluded that adrenalectomy has 
no great influence upon the sugar assimilating power of the organ- 
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ism. Rosenow and Jaguttis^^ believed, after study of a patient and 
a critical survey of previously reported cases, that hypoglycemia 
was not a constant symptom’ of Addison’s disease; these workers, 
however, noted the paradoxical hyperglycemia following adrenalin 
administration which was later observed by Turner.’ 

The following proven cases of Addison’s disease are reported 
because they showed evidence of marked hypoglycemia with coma 
relieved by dextrose administration, and because in one case symp- 
toms of the increased sugar tolerance overshadowed those of the 
destructive adrenal lesion and made the differential diagnosis very 
difficult. 


Case Reports.— Case 1. J. A., a 21-year-old, American born Negro, 
was admitted to this hospital (service of Dr. W. E. Robertson), on February 
18, 1935, complaining of abdominal pain and vomiting for 3 days. The 
history of his present illness dated back to early December, 1934; followg 
a "cold” of 2 days’ duration manifested by cough, headache, and vomiting, 
the patient rather suddenly went into deep coma. A hospital examination 
of the blood revealed the glucose level to be 40 mg. % with a carbon dioxide 
combining power of 30. He was given 100 cc. of 50% glucose in normal 
saline solution by intravenous injection at once; during this procedure the 
patient regained consciousness rather dramatically and tallced rationally. 
He remained in the hospital 14 days, during the first 2 of which a mild 
fever and cough were present. He was discharged in apparently good con- 
dition with the final diagnosis of hypoglycenua and acute bronchitis. It was 
believed that the former was incidental and precipitated by starvation 
during the upper respiratory infection. No additional studies were done. 
Following discharge he remained well until 11 days before admission at 
which time he vomited without apparent reason after a breakfast of hominy 
grits. Following this there were no symptoms until 3 days before admission 
when, in the midst of a breakfast of oatmeal, he suddenly and without 
warning vomited. While vomiting he felt sharp pain in the midepigastrium 
which did not radiate and which disappeared within a few minutes. The 
same course of events occurred several times during the next few days. 
DuU, frontal headache accompanied the gastro-intestinal upset. 

The family history was negative. Review of the past history revealed 
that he had been “hunchbacked” since the age of 4. He did not believe 
that there had been any change in the color of his skin which he stated 
had ahvays been verj’’ black. He had had rare heterosexual experiences. 
Abdominal upsets with vomiting had been noted frequently for several 
years. 


^ Physical examination revealed a small, kyphotic Negro with a peculiar 
"mouthy” speech, lying in bed in no apparent pain or distress. Mentally 
he was clear, alert and cooperative but of low intelligence, answering ques- 
tion in monosyllables. The skull was small, long and symmetrical, the jaw 
markedly prognathous. Prominent lips protruded beyond the very flat 
nose. The skin was extremely black. Examination of the eyes revealed 
nothmg externally but the fundi presented bilateral temporal pallor. The 
teeth were dirty, poorly developed and thin vdth very pointed canines, 
i he tongue was pale pink with irregular patches of black pigmentation- 
similar areas were present on the buccal mucosa and palate. Examination 
01 the back showed an extreme dorsal kyqihosis and lumbar lordosis, the 
spine being practically doubled upon itself. The chest was deep and 
aetormed and the lower ribs rested on the pelvic brim. The heart and lungs 
w pressure was 95 systolic and 75 diastolic bilater- 

auj . blight midabdommal tenderness was noted. The external genitals 
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were normal. The narrow, short hands were in marked contrast to the long 
tapering fingers. Palms, soles and nail beds were e.'ctremely black. 

Urinalyses, urea clearance tests and phenosulphonphthalein tests were 
negative as was the blood Kahn reaction. Erythrocytes varied from 3.8 to 
4.1 million. The leukocyte count averaged 15,000 (IjTnphocjdes 60% or 
more). Blood plasma chlorides fluctuated between 550 and 580 mg. % 
(as sodium chloride). Blood calcium and phosphorous levels were normal. 
Blood urea nitrogen varied from 25 to 35 mg. %. 

Blood sugar examination on admission showed a fasting level of 68 mg. % 
(reducing power of tungstic acid filtrate determined by the Folin-Wu 
method). A number of glucose-tolerance tests were done, all of which 
showed a practically flat cuiw’e. A representative 3-hour curve after 14 gm. 
of glucose per kg. administered to the fasting patient bj’- mouth was: 

Fasting . . . 75 mg.% 2 hours . . . 75 mg.% 

30 minutes . . 72 mg.% 3 hours . . . 72 mg.% 

1 hour ... 72 mg.% 


A typical 6-hour curve under the same conditions was: 


Fasting . . . 72 mg.% 3 hours . . . 70 mg.% 

30 minutes . . 77 mg.% 4 hours ... 63 mg.% 

1 hour ... SO mg. % 5 hours ... 59 mg. % 

2 hours ... SO mg. % 6 hours ... 58 mg. % 

Roentgen-ray examhiation of the skull was negative. There was no 
Roentgen e\ddence of adrenal calcification. Chest films showed nothing 
suggestive of pulmonary tuberculosis. The basal metabolic rate, carefully 
corrected for the patient's deformity, was —19. Otiier laborator}" studies 
were essentially negative. 

Following the first few days on the ward the patient was in good condi- 
tion, ambulator}^ and was kept in the hospital solely for the purpose of 
further studies. The systolic blood pressure varied from 80 to 90 and the 
diastolic from 50 to 60. A tentative but questioned diagnosis of Addison’s 
disease was made. A salt-free diet for the purpose of proidng this was 
considered but not instituted because cortical extract could not be obtained 


for use in a possible crisis. The patient was discharged April 10, 1935. 

He continued to feel well until May 5, 1935, when there was recurrence 
of the vomiting and transient abdominal pain. Three days later he returned 
to the hospital where examination was as before. Admission blood sugar 


was 77 mg. %. Blood pressure was 90/60. On May 10, the patient rather 
suddenlj' went into profound shock Avith a cold clammy skin, subnormal 
temperature and a cardiac rate at the apex of 30 beats per minute. Soon 
he was in deep coma and the corneal reflex was unobtainable. Intravenous 
administration of 1000 cc. of 10% glucose in normal saline was begun; he 
reacted almost at once and within 30 minutes was fully conscious. Eighteen 
hours later, during which time cortical hormone had been obtained and 
administered together nith glucose and saline, shock was again prominent. 
The patient failed to respond and died m'thin the hour. 

Necropsy (Dr. R. P. Custer) revealed bilateral fibrocaseous tuberculosis 
of the adrenal glands. Histologically, there were a few verj’ small islands 
of cortical and medullarj' tissue remaining. So-called “status tlijunico- 
h-mphaticus” was also noted with marked hypopla.sia of the heart, aorta, 
and peripheral arteries. There was a healed primar 3 - tuberculous pulmonaia' 
complex The right renal h-mph nodes presented active fibrocaseous 
tuberculous hunphadenitis. A healed Pott’s disease was present invohang 

the upper thoracic region. , , . , x- i 

C.^SE 2.— Y. 1^1., a 26-year-old, American bom Negress, was admitted 
to thi': hospital (sernce of Dr. H. D. Jump), on June 16, 1930, m a state o 
semicoma. According to the histors' obtained from relatives she had licen 
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complaining of weakness, weight loss and malaise during the preceding 
year. A perverted appetite for sweets had been prominent and shortly, 
before admission she had consulted a physician. He had told her that the 
diet contained too much carbohydrate food and advised one consisting 
chiefly of vegetables which the patient followed rather faithfully. It had 
also been noted that the color of the skin had been getting darker for the 
past year, it now being dark shiny black whereas it had originally been light 
bronm. Aside from these symptoms the patient had been well until the day 
of admission when she was found by a member of her family in an uncon- 
scious state. 

Examination revealed a confused, 'negativistic, semicomatose colored 
female. The sidn was ebony black and glistening with the nail beds deeply 
pigmented. The mouth was badly infected but no pigment deposits were 
seen. There were palpable cervical lymph nodes. The pupils were dilated 
but reacted promptly to light. Examination of the lungs and heart pre- 
sented nothing unusual. Blood pressure was 90/60. The admission blood 
’sugar was 50 mg. % with a carbon dioxide combining power of 43. Other 
laboratorjr studies were essentially negative. Following intravenous glucose 
the patient responded and improved temporarily. However, she later became 
apprehensive and semistuporous; death occurred 6 days after admission. 

Necropsy (Dr. J. 0. Collins) revealed bilateral fibrocaseous tuberculosis 
of the adrenal glands and findings suggestive of “status thymico-ljunphati- 
cus.” The pathologist stated that practically all the adrenal cortex, bilater- 
ally, was destroyed but did not comment upon the amount of adrenal 
medullary tissue present. 

Discussion. In these 2 cases of Addison’s disease hypoglycemia 
was the outstanding manifestation causing coma subsequently 
relieved by dextrose administration. Case 1 was a particularly 
difficult diagnostic problem ; it was seen by a number of competent 
endocrinologists none of whom could definitely decide whether 
the pathologic lesion was in the adrenal gland, the pituitary gland 
or the pancreas. The relatively normal serum chloride in Case 1 
deserves comment. It is well known that patients with destructive 
adrenal lesion and adrenalectomized animals respond dramatically 
to sodium chloride. However, such individuals show low blood 
chlorides. In this case the normal serum chloride level strengthens 
. the belief that the glucose was specific. 

_ Turner’' attributes hypoglycemia in Addison’s disease to destruc- 
tion of the adrenal medulla ; the fact that adrenalin administration 
with glucose causes hyperglycemia lasting several hours favors this 
theory. In normal individuals there is a delicate balance between 
insulin secretion which lowers blood sugar and adrenalin secretion 
which raises blood sugar. This balance is destroyed in lesions of the 
adrenal medulla, resulting in hypoglycemia. Whether or not this 
occurs in Addison’s disease probably depends primarily on the 
amount of functioning adrenal medulla present. Such a ^dew ex- 
plains why all cases do not present this finding. 

^1’'® symptom of hypoglycemia present 
Addison’s disease .should always be considered in the differential 
diagnosis. Hyperinsulinism and Simmonds’ disease are perhaps 
the two affections most difficult to rule out. The former can’ fre- 
quently be differentiated by the absence of the typical symptoms 
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of pigmentation and hypotension. In addition, the glucose toler- 
ance curve of the two diseases differ rather characteristically. The 
6-hour curve of tj^iical hyperinsulinism tends to becoirie progres- 
sively lower and shock is usually observed before completion of the 
test; the curve of Addison’s disease is relatively flat, does not de- 
crease sharply and shock is rare unless there are complicating fac- 
tors such as intercurrent infection or starvation which may deplete 
the body glucose supply. The glucose tolerance curve of Simmonds’ 
disease resembles somewhat that of Addison’s disease. However, 
extreme cachexia, loss of sexual function, marked depression of the 
basal metabolic rate (with hypothermia and hypotension), together 
with loss of teeth and hair (axillary and public) are usually present, 
thus aiding in differentiation. 

Summary. 1. Two cases of Addison’s disease with hypoglycemic 
coma as a prominent manifestation are reported. 

2. Hypoglycemia in Addison’s disease strongly suggests involve- 
ment of the adrenal medulla. 

3. The characteristic difference in the glucose tolerance curves 
of hyperinsulinism and Addison’s disease is shown. 
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OBSERVATIONS ON THE EFFECTIVENESS OF PROTAMINE 

INSULIN. 

Bv Russell Richardso.n, M.D., 

AND 

Morris A. Bowie, 

PHILAPEI-rHIA. 

(From the George S. Cox Medical Research Institute and the Metabolic Section of 
the Medical Clinic, Hospital of the University of Pennsylvania.) 

During recent months several papers on the use of protamine 
insulin have appeared in addition to Krarup’s monograph from the 
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Steno Memorial Hospital.^-’ Up to this time the following observa- 
tions have been made about protamine insulin: (1) It acts more 
slowly than regular insulin, so that if given shortly before a meal 
the blood sugar will be found to rise considerably after the meal 
prior to the insulin becoming effective, (2) It acts for a much 
longer time, so that as long as 24 hours after the injection of this 
insulin the blood sugar may be normal or even below normal, thus 
preventing any early morning rise of the blood sugar so often neces- 
sitating a midnight dose of the regular insulin. (3) Possibly on 
account of its slow action, it is accompanied by fewer hypoglycemic 
reactions, and in most cases it affords a longer period of warning 
before the more severe symptoms become evident. (4) It steadies 
the blood sugar level, so that there is less variation from hour to 
hour than with the regular insulin. (5) It shows its full effect only 
after from 3 to 5 days from the time of the first injection, so that 
when protamine insulin is first used, hyperglycemia and glycosuria 
may ensue for several days. From the last observation it is clear 
that increases in dosage should be made at well-spaced intervals. 

Up to the present, protamine insulin has been given in four 
ways: (1) To those patients requiring not over 40 units daily, one 
dose before breakfast has usually been sufficient for the entire 
24 hours. (2) In those patients requiring a larger amount, prota- 
mine insulin has been given twice daily. (3) In the evening only 
with regular insulin before breakfast. (4) In the morning before 
breakfast with a dose of regular insulin administered at the same 
time. The exact times at which these injections have been given 
have varied depending upon the distribution of food and exercise 
during the day. The protamine insulin, whether given in the 
morning or in the evening, has prevented the early morning rise 
in blood sugar even in those patients requiring the largest amount 
of insulin. 

Present Study. Our experience with protamine insulin extends 
over a period of 8 months, with a total of 45 patients studied. Our 
results have, in general, been similar to those already repoited. 

Patients on Large Doses of Insulin. The earliest patients in whom 
we used protamine insulin were those who required from 60 to 
90 units of insulin daily, and who were so unstable that it was quite 
impossible to maintain them on the old insulin without frequent 
hyperglycemia or hypoglycemia. These patients had been taking 
insulin before breakfast, before supper and at midnight. The pro- 
tamine insulin was first given 2 hours before breakfast and 2 hours 
before supper. In no case were the amounts of protein, fat or 
carbohydrate in the diets altered during the period of standardiza- 
tion with protamine insulm. 

In Fig. 1 is shown the effect on blood sugar of protamine insulin 
as compared with that of regular insulin in a patient in this group. 
It is evident that there is much less variation in the blood sugar 
level throughout the 24 hours and that the early morning hyper- 



766 RICHARDSON, BOWIE: EFFECTIVENESS OF PEOTAJIINE INSULIN 


glycemia is entirely prevented. All the patients reported a definite 
subjective improvement. This consisted in an increase in strength 
and alertness, with a desire for increased activity. 
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The hyperglycemia and glycosuria which have been reported as 
following the first use of protamine insulin have been present in 
several of our patients, but was marked in only one. This patient 
was a young woman of 22, slightly overweight, with diabetes of 
15 years' duration, taking from 80 to 90 units of insulin per day. 
There was an increase in her blood sugar to 480 mg. per 100 cc. of 
blood and an excretion of 155 gm. of glucose on the fourth day of 
protamine insulin, on a diet of 167 gm. of available glucose. The 
urine also contained a considerable amount of acetone and aceto- 
acetic acid. It seemed necessary to give her regular insulin in the 
morning and protamine insulin in the evening, and on this combina- 
tion she was maintained satisfactonljc 

Without exception the early morning blood sugar rise, even in 
those patients requiring large amounts of insulin, has been pre- 
vented. In only 3 of our patients have we felt" that it was more 
satisfactory to give regular insulin in the morning and protamine 
insulin in the evening. In 3 patients protamine insulin was dis- 
continued altogether, in 1 because of a severe reaction which 
accompanied overexertion and overindulgence in alcohol, and in 
2 because of lack of cooperation. 

During the period of regulation on protamine insulin, when there 
was hyperglycemia and glycosuria a moderate amount of acetone 
was present in the urine. However, after adjustment, we have 
found acetone only occasionally, as in the case of patients on 
regular insulin. 

Aspects of Replacement. The amount of protamine insulin neces- 
sary to replace regular insulin has been found by us to vary con- 
siderably. Patients who required over 50 units of regular insulin 
daily have required practically an equal amount of protamine 
insulin to replace it. On the other hand, patients taking from 15 
to 50 units daily have required definitely less of the protamine 
insulin. The average daily amount of regular insulin taken by all 
the patients studied was 37 units, while the average amount of 
protamine insulin necessary to replace this was 30 units. The 
average number of injections daily was reduced from 2.3 to 1.4. 

In patients using 2 doses of protamine insulin various attempts 
have been made to distribute it throughout the 24 hours, so that 
there would be the least possible interference with their daily 
lives. While the regime was not satisfactory in all cases, in some 
we found that if five-sixths of the daily amount of protamine insulin 
were given 1 hour before breakfast and one-sixth at 7.30 -p.ji., a 
satisfactory balance was obtained. The morning dose was avail- 
able for the lunch and supper, while the evening dose maintained 
the patient during the night and through breakfast. This obviated 
the necessity of arising 2 hours before breakfast and of taking a dose 
of insulin in the middle of the afternoon. 
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Transfer to Protamine Insulia Without Hospitalization. Our experi- 
ence with the hospitalized patients was such that we felt that those 
in the out-patient clinic already adjusted on 2 doses of regular 
insulin daily could be transferred successfully to 1 dose of prota- 
mine insulin without the necessity of entering the ward. We have 
made this change in over 30 patients. It was possible to do this 
by giving an amount of protamine insulin 1 hour before breakfast 
equal to the morning dose of regular insulin, at the same time 
omitting the evening dose. After several days some of the patients 
have required an increase in this dose, though in none of the group 
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Fig. 2. — The efTeotivencss of one dose of protamine insulin in a moderately severe 
diabetic, previously controlled -with 2 doses of regular insulin. Note the decrease 
in units required. Venous blood for sugar determinations was taken at 7 and 
10 A.jt., and 2, 5 and 10 r.ii. P, F, C indicate the daily allowance in grams of pro- 
tein. fat and carbohydrate, respectively. 


has it been necessary to give an amount of protamine insulin equal 
to the total of the 2 doses of regular insulin formerly given. On 
account of the slow action of protamine insulin we have found 
that if 20% of the total daily carbohydrate is given at breakfast 
and 40% at each of the other meals, a better balance can often be 
maintained. Small supplementary feedings during the morning, 
afternoon and evening are sometimes an aid in affecting this. 

Only occasional slight hx-poglycemic reactions, and no other 
untoward incidents of any sort have occurred in this group of 
patients. Furthermore, every patient in this group has felt better 
on the protamine insulin. AYc have not yet given protamine 
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insulin without hospitalization to patients taking over 40 units of 
regular insulin daily. 

In Fig. 2 are shown the blood sugar determinations before and 
after a change from 2 doses of regular insulin to 1 dose of protamine, 
insulin daily. 

It is possible with care to adjust on protamine insulin patients 
in the clinic who have not had previous experience in controlling 
their diabetes. When such patients cannot be hospitalized they 
can be given a larger dose of protamine insulin than of old insulin 
without fear of reaction. Our experience with this type of case has 
been limited, but satisfactory. 

Hypoglycemic Reactions. Hypogtycemic. reactions have been 
reduced both in number and in severity. They have occurred 
mostly in patients taking large doses. On all occasions except one, 
they have reacted promptly to sugar in the form of glucose or orange 
juice. A man, aged 29, taking 85 units of protamine insulin daily, 
had a severe reaction in the early morning following an evening of 
dancing and of somewhat excessive use of alcohol. This reaction 
will be reported in detail at a later time. On the day before his 
severe reaction he had stated in clinic that he had never felt so 
well during the 1 2 years of his diabetes, nor had he had so few reac- 
tions as in the previous weeks while using protamine insulin. 
Attention may be called to the fact that he had been very unstable 
on regular insulin. 

As has been noted by others, we have found that hypoglycemic 
reactions following protamine insulin may occur at any time up 
to 24 hours after the latest preceding dose. They are sometimes 
only temporarily relieved by sugar, recurring in 1 to 2 hours and 
requiring further sugar for their control. 

Comparison of Effect of Regular Insulin and Protamine Insulin on 
Blood Sugar. To determine the interval of time between the injec- 
tion of protamine insulin and its first effect on the blood sugar as 
compared with the regular insulin, 12 patients were studied. These 
patients having had no food or insulin since the preceding day were 
given regular insulin and protamine insulin on succeeding days. 
Seven blood sugar determinations by Benedict's method were done 
at - 15-minute intervals on arterial blood from finger prick. The 
insulin was given immediately after the first specimen of blood had' 
been taken, so that 1 determination was done before and 6 after 
the insulin was administered. Equal doses of regular insulin and 
protamine insulin were given to each patient. These approximated 
me regular morning dose of insulin and varied from 10 to 40 units, 
km 1 patient the examinations were repeated with 10 units on each 
of the first 2, and 30 units on each of the second 2 examinations, 
so that in all there were 26 tests on the 12 patients. 

The results of these examinations were studied in order to deter- 
mine (1) the duration of time between the insulin injection and the 
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beginning' of the consequent fall in the blood sugar, and (2) the 
amount of the fall in blood sugar which occurred in the 90 minutes 
during which blood sugar determinations were done. In Table 1 


MR. H.K. 40 UNITS MISS M.R. 40 units 



x HINUTES IS JO -15 60 75 “lO 15 30 A5 60 ' 75 W 

z 


MR.A.C. 30UNITS MRS. B.S. 15 UNITS 



A.. .PROTAMINE INSULIN 

Fig. .3. — Comparison of the rapidity of action after subcutaneous administration 
of rcKuIar insulin and protamine insulin on successive days. The same dosage was 
used with both, and the amount coincides with the dose of regular insulin previouslj- 
used before breakfast. Arrows indicate the injection of insulin after the fasting 
level had been obtained. Note the sharp drop after regular insulin in Mr. H. K., 
and the delay of 45 minute.? in Miss M. It. In both instances no appreciable effect 
from protamine insulin was evident until 90 minutes had elapsed. The failure of 
Mrs. B. S. to respond is probably a reflection of the normal fasting level. 

is shown the elapsed time between the injection of insulin and the 
first definite fall in blood .sugar. 

It is quite evident that the regular in.sulin acts more rapidly. 
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In 7 examinations with regular insulin the first definite decrease in 
blood sugar occurred at the end of 15 minutes after the insulin was 
injected, while following protamine insulin, onl}>' 2 showed any 
effect in 15 minutes and 10 showed the first effect in from 30 to 
60 minutes. In Fig. 3 are shown the blood sugar curves on regular 
insulin and on protamine insulin in 4 patients who received from 
15 to 40 units. One patient did not react until 90 minutes after 
receiving protamine insulin. The patient on whom the test was 
repeated with larger doses of insulin showed the first effect with 
10 units of regular insulin in 30 minutes and with 10 units of prota- 
mine insulin in 60 minutes. When the test was repeated with 
30 units the effect was evident in 15 and 45 minutes respectively. 
In only 1 patient did the protamine insulin react more rapidly than 
the regular insulin. It is evident, therefore, that while protamine 
insulin is slower acting than the regular insulin, there is much 
variation in the time at which each shows a definite effect on the 
blood sugar. 

The average total decrease in blood sugar during the 90-minute 
period following the injection of regular insulin was 99 mg. per 
100 cc., or 36% of the original fasting blood sugar. After prota- 
mine insulin the average fall in blood sugar was 28 mg. per 100 cc., 
or 12%. It would appear that, in accord with clinical observations, 
the action of the protamine insulin is definitely postponed as com- 
pared with regular insulin. 

The more recent preparations with calcium and zinc appear to 
be more effective than the original protamine insulin. However, 
further experience will be necessary before their superiority can be 
expressed statistically. 

Summary. From our experience it appears that protamine insulin 
presents a very definite improvement over regular insulin in the 
treatment of diabetic patients on a balanced diet. It is possible 
to reduce both the number of units and the number of injections 
daily and at the same time to maintain the blood sugar at a more 
constant level. The feeling of general improvement reported by 
the patient is gratifying. 

Patients who have been controlled with less than 40 units of 
regular insulin may be satisfactorily transferred to protamine 
insulin without hospitalization. In this group, rearrangement of 
the carbohydrate distribution offers definite advantages. Thus, 
one-fifth of the day's allowance at breakfast and two-fifths at noon 
and night shifts the metabolic burden so as to coincide with the 
delayed action of protamine. 

In the group of patients on 2 doses of protamine daily, five-sixths 
of the day’s dosage was administered in the morning and one-sixth 
at night, spacing the doses 12 hours apart. 

The influence of protamine insulin on blood sugar is definitely 
delayed as compared with that of regular insulin. 



772 


EHU1CH-. NUCLEAR SIZES IN GROWTH DISTURBANCES 


Table 1. — The Eftect on Blood Shgab of Pkotaminb Insulin Compahed With 


That of Regular Insulin. 




Number of minutes after insulin injec- 
tion at which blood sugar decrease 
was first noted 

15 

30 45 

60 

75 

90 

Number of examinations ■with regular 
insulin 

7 

3 1 

2 

0 

0 

Number of examinations -with protamine 
insulin 

2 

3 4 

3 

0 

1 


The iacideflce of eignifioant decreases in blood sugar at intervals after administra- 
tion of regular insulin and protamine insulin is shown. Percentage of fall from the 
fasting value was much greater after the former. 
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NUCLEAR SIZES IN GROWTH DISTURBANCES. 

With Special Reference to the Tumor Cell Nucleus. 

Bt Dr. W. E. Ehrich, 

INSTROCrrOB in pathology, school of medicine, university of ‘PENNSYLVANIA, 
, PHILADELPHIA, PA. 

(From the Pathological Institute of the University of Rostock [Director; Prof. Dr. 

W. Fischer.] ) 

The sizes of tlie cells of a given tissue do not vary irregularly, 
but they depend largely, as has been shown conclusively, upon the 
laws of growth (Jacobj, 1935). If a cell divides by mjtosis, there 
arise tivo daughter cells, each of which is of the original size of the 
mother cell. If the daughter cells divide again, there arise four 
granddaughter cells, each of which is of the original size of the daugh- 
ter cells. The total volumes of the three generations are therefore 
in the proportion of 1:2:4 (Fig. 1, I). If a ceil grows by amitosis, 
i. e., by nuclear division without cj-toplasmic division, the same 
proportion results. Also in this case there arise daughter cells of 
double and granddaughter cells of fomfold the size of the mother 
cells (Fig. 1, II). The same is true also in so-called “inner division” 
(Heidenhain), i. c., in simple enlargement of a cell without nuclear 
or cjToplasmic division. Also in this event we ob.serve the propor- 
tion of 1 .•2:4 (Fig. 1, III). As all genuine growth is due to mitosis. 
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amitosis or “inner division/’ a given tissue only contains cells whose 
volumes are within a geometrical line. Heidenhain (1923), who w’^as 
the first to derive' this law, therefore called it the laio of growth in 
constant 'proportions. 

The reason that this law had not been discovered before is un- 
doubtedly due to the fact that only mean figures had been consid- 
ered. Only when Jacobj (1925) introduced the variation statistical 
method into cellulometry could this law be verified. Since the 
findings of Jacobj have been corroborated in many tissues of ani- 
mals and plants (Clara, 1928-1933; Voss, 1928; G. Hertwig, 1930- 
1933; Collin and Florentin, 1930, 1931; Monschau, 1930; Lindschau, 
1933; Freerksen, 1933; Birkenmaier, 1934, a.o.), it may be assumed 
that under physiologic conditions the law of Heidenhain is of uni- 
versal validity. 



On account of the great significance of this discovery, it seemed 
desirable to extend these investigations to changes which may be 
included under the term growth disturbances, espeeially as Heiberg 
since 1907 has frequently stressed the observation that cells of 
malignant tumors are larger than those of their mother tissues. 
Measurements were started on normal and cancerous epithelium 
of tongues, the results of which have been published by my pupil 
Schmitz (1934). Then Arndt (1935) in our institute reported his 
findings in regeneration, adenoma and cancer of liver, and Epstein 
(1935) and Stapel (1935) the results they obtained in measuring 
cells of salivary glands and their tumors. To this I added data on 
lymphocjdes, lymphoid hj-perplasia and lymphosarcoma furnished 
by my coworkers Repsilber and \orbeck (1935). Since then further 
measurements have been carried out by my pupils Carstens, van 
Hettinga, Kaiser, Ivendziorra, Krause, Lohse, Mondry, Neuss, 
Pentz, llentzow, Schreiber, Schwermer and Simon, the results of 
which are the subject of this paper. 

vou 102, N-o. G.— BKcr.MiiEn, 103G 27 
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Material and Method. The material of our study consists of 230 
specimens, half of which were disturbances of growth. Eighty 
cases were tumors. As the usual methods of fixation and imbedding, 
especially imbedding in paraffin, lead to shrinkage of the cells up 
to 30 % and more (Ehrich and Cohn, 1931; G. Hertv.ug, 1931), only 
formalin fixed frozen sections (and in a few instances also sections 
imbedded in gelatine) were used. Jacobj’s (1935) statement that 
it is sufficient to use methods of the same kind to get incontestable 
comparable data cannot be accepted, for the degree of shrinkage 
depend.? not only upon the kind of the fixative and imbedding, but 
also upon the time of application, the size of the specimens and other 
factors (Elu-ieh and Cohn). 

For obvious reasons we had to content ourselves with measuring 
nuclei only. As the nuclear-cytoplasmic ratio of the cells of a given 
tissue can be regarded as constant, the conclusion may be drawm that 
the principles drawn from this study can be applied to whole cells 
too. 

To obtain exact measurements, the nuclei, magnified 2500 times, 
were dravm on paper by means of Edinger’s drawing projection 
apparatus. In every field were drarni all nuclei whose contours 
stood out clearly. The measurements were carried out by deter- 
mination of the two largest diameters being perpendicular to each 
other. After conversion into mikra the volumes were calculated 


by the simple formula V = r^ (r being 



for we were interested in 


comparable values only.* 

In most specimens 1000 nuclei ivere measured. The total number 
of nuclei measured amounts to about 220,000. 


To find the sizes of the nuclei that are contained in a given tissue 
it is desirable to enter the A’^alues in a table (Table 1) or to plot a 
curve (Fig. 2). In doing so one obtains one or more peaks that 
represent the nuclear sizes searched for. As in most tissues two or 
more sizes are found, the most frequent one is called the rcgtdar 
class (Regelklasse, .Jacobj). If the study of the regular class con- 
ceals other nuclear sizes, as can happen if there are only relatively 
few large cells in a tissue, one should make special measurements of 
a selected number of large cells. By this method of Jacobj in most 
cases the sizes of the larger nuclei can also be brought out. 


T.MihE 1.— Nnci.EA.n Sizes of Tosgce Epithelium. This Specimf.n Contains 
Two Nuceeab Classes the Volumes of Which ahe Withi.v a Geo-metoical 
Line. The L.vnGr.n Nuclei Being More Frequent Than the Smaller O.nes 
Represent tub RECUL.An Class. 


Volumes of nuclei 

in ... 22 20 30 34 30 45 51 52 G4 71 SO 8S 97 

Number of nuclei 40 00 00 70 60 40 <0 SO 120 100 00 #0 00 


107 

60 


Only tie.sues ii-ith TOiind nuclei were .cplectod. 
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The Physiologic Range of the Nuclear Volumes. On reading the 
papers that have been published on the subject, the impression 
is gained that it is believed not only that the nuclear sizes of the 
same organ are constant in different indmduals of the same species, 
but also that those of different organs in the same individual with 



Table 2.— Vaeiationb in Nuclear Sizes in Men, 

Size of regular class. 


Epithelium of; 
Tongue 
Tonsils 


Celle. 


No. of 
specimens 
studied. 

. 4 

. 3 

9 
3 


Nuclear classes 


Skin 

Mucous elements of sali- 
vary glands ... 8 

Serous elements of sali- 
vary glands . .13 

Ducts of mucous glands , 11 
Ducts of serous glands . 13 
Hypophysis . , . .10 

Prostate 7 

Thyroid gland ... 4 

Resting breast ... 9 

Puorper.i! breast . . 4 

Lymphocytes .... . 3.3 

Whereas most cells increase 
blood cells decrease. 


observed (regular 

Radius 



Volume 

class in Italics). 

in /!.' 

in rl 

Ni 

AT 

N 4 

4.15-4.4 

71.5-85.2 

Ni 

Nz 

m 

3.95 

61.6 

N, 

Ni 

AT 

2.95-3.45 

25.7-41.1 

Ni 

Ni 

N 4 

2.9 -8.5 

24.4-42.9 

Ni 

Ni 

N 4 

2.9 -3.3 

24.4-35.9 

Ni 

AT 


2.8 -3.1 

22.0-29.8 

Ni 

Ni 

Ni 

2.55-3,0 

16.6-27.0 

Ni 

AT 

N 4 

2.4 -2.9 

13.8-24.4 

Ni 

N» 

Ni 

2.5 - 2.9 

15.6-24.4 

iVi 

Ni 


2.4 -2.9 

13.8-24.4 

AT 

N; 

Ni 

2.45-2.6 

14.7-17.6 

AT 

Ni 


2.1 - 2.8 

9.3-22.0 

AT 

Ni 


2.5 -2,9 

15.6-24.4 

N 4 

Ni 

AT* 

2.7 -1.9 

19.7- 6,9 

i size 

during growth, the lymphocytes as other 


a few exceptions are in the same geometrical line. According to 
Jacob] (193o) here also exist great, une-xpected correlations in that 
the typical nuclear volumes of different kinds of cells are, as he 
states, integer multiples of an elementary basal quantum! The 
reason that the anatomists reached this conclusion is probably 
because all of them studied only one or a very few organs of the 
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same kind. If they bad studied series of organs, this opinion would 
not have arisen. 

Concerning the first question, namely the heJiamor of ihe nuckar 
volumes of the same organ in different individuals of the same species, 
it can be seen from Table 2 that they are by no means constant. 
If we disregard the organs of which onlj"^ 3 to 4 specimens haA^e been 
measured, and if we disregard the lymphocjdes which as we will 
see behave differently, we find A'ariations of 30 to 80 % (in most cases 
about 44 to 56 %). The smallest variations were found in the par- 
enchjuna of salivary glands, the largest in breasts. 

The factors that cause these A'ariations appear to be manifold. 
A very important factor seems to be the functional state of the 
cells. If we look at the values of resting breasts (Table 3) we find 
that the nuclear Amlumes increase with increasing age, especially 
after the menopause, and that after the 65th year of age, which 
can be regarded as the point Avhen old age begins, they decrease 
again. As these changes are not in the proportions of the law of 
growth, which are as has been stated in a geometrical line, they 
cannot be an cxpressio7i of genuine groidh, but m7ist be looked upon 
as changes of simple swellmg and shrinkage. The, causes of these 
changes may be searched for in functional differences or in a chang- 
ing control of the innersecretory organs. The shrinkage after the 
65th year, however, is probably due to atrophy of old age. 

Concerning the low nuclear sizes of our 21-year-old girl we may 
have to deal with a starting point of the swelling that increases 
with age. T\fiiether this is true or not can be disclosed by further 
studies only. 

If Ave turn noAv toward our puerperal breasts (Table 3), Ave easily 
recognize that the nuclei of all cases are much enlarged as compared 
AA'ith the resting breasts of the corresponding ages. As the enlarge- 
ment amounts from 26 to about 100 %, vre may conclude that also 
here AA-e haA'e not to deal with genuine growth but Avith simple 
SAA'elling. The cause of this is certainly of functional or internal 
secretory character. 

That the functional state of the cells is really an important fac- 
tor in the A-ariations of nuclear sizes is further illustrated bj' a com- 
parison of the cyclicly functioning breasts with the steadily func- 
tioning prostate. If AA-e look at Table 4 Ave find that after puberty 
the nuclear volumes of the prostate A-ary A-ery little only. This 
constancy is in accord with the fact that the prostate is a gland 
that after puberty Avorks Amry steadily. Before puberty Ave find 
much smaller nuclei. But as the difference amounts to 37 % only, 
these nuclei cannot belong to a smaller nuclear class. It rather 
must be suggested that the cells of the prostate during puberty 
undergo a' swelling analogous to the SAA-elling of breast tissue during 
functionally revolutionary times. This suggestion is in accord with 
the statement of Stieve, according to Avhich the prostate develops 
very ra])idly during pubertA'. 



Table 3. — Variations in Nuclear Sizes in Resting and Puerperal Breasts. (This table shows the regular class only.) 

Resting Breasts (No. of nuclei). Puperpebal Breasts (No. of nuclei). 
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Table 4. — Vabiations in Nuclear Sizes in Normal Prostates. 
(This table shows the regular class only.) 

Age in years. 


Radius 

Volume 

14 

17 

18 

35 

49 

52 

59 

in ft . 

1.6 

in r’. 

4.1 

12 


Number of nuclei. 

1 


1 

1.8 

5.8 

74 


1 

4 


2 

5 

2.0 

8.0 

170 

9 

10 

23 

15 

12 

24 

2.2 

10.6 

237 

51 

36 

77 

34 

55 

114 

2.4 

13.8 

S 88 

172 

126 

226 

98 

108 

237 

2.6 

17.6 

243 

SSI 

226 

S 24 

170 

216 

312 

2.8 

22.0 

158 

314 

319 

SOS 

216 

241 

SOB 

3.0 

27.0 

64 

157 

220 

198 

249 

216 

192 

3.2 

32.8 

21 

89 

145 

105 

151 

179 

64 

3.4 

39.0 

4 

28 

78 

32 

101 

86 

31 

3.6 

46.7 

3 

6 

26 

12 

40 

48 

9 

3.8 

54.9 

1 


10 

4 

15 

16 

2 

4.0 

64.0 



6 

1 

1 

9 


4.2 

74.1 



2 


1 



4.4 

85.2 



4 






Whereas in breasts and prostates the factors that cause variations 
of the nuclear sizes appear to be mainly functional in character, 
in salivary glands other factors also seem to play an important role. 
One of these factors seems to be the general state of nutrition or the 
Jcind of death, for large nuclei were mainly found in large acini and 
these mainly in well-nourished persons that died suddenly, whereas 
emaciated persons that died slowly usually showed small acini as 
well as small nuclei. This finding is in accord with the general 
opinion that somatic glands are susceptible to atrophy whereas 
the genetic glands are resistant to a certain degree. 

If we turn now to the lymphocytes we shall recognize that the 
much greater variations found in these cells are due to quite differ- 
ent causes. Table 5 shows that in the so-called germinal centers 
of the lymphatic tissue three nuclear classes occur, the volumes 
of which measuring V = 14.4 — 20.4, 27.7 — 36.8, and 52.8 — 65.4 
r’ are in the proportion of 1:2:4. Thus we have to deal with three 
sizes of ljTnphocji;es that correspond to the small, medium-sized 
and large lymphocjde of the terminology of mj’’ earlier publications 
(1928, 1931). The regular class was that of the small lymphocytes 
in all our cases. 

If we look now at the solid secondary nodules, pseudo-secondary 
nodules and lAunphoid tissue we find indeed also here in most cases 
nuclear classes which measuring V = 25 — 27.6 and 51.7 — 66.1 r® 
correspond to the medium-sized and large lyraphocjdes of the ger- 
minal centers. But instead of small lymphocytes with the nuclear 
sizes of V = 14.4 — 20.4 r^ we find in most cases lymphocytes the 
nuclear volumes of which show all transitions between V = 6.6 r^ 
to V = 12.6 r^. Thus we find sizes that not only are out of the pro- 
portions of the other lymphocytes but also show all transitions 
between the sizes of the small lymphocytes of the germinal centers 
and the next lower figure of the same geometrical line. If we com- 
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pare cases of corresponding ages only this fact comes out more dis- 
tinctly still. 

The significance of this finding seems to be clear. If we recall 
that in germinal centers abundant karyokinetic figures occur whereas 
in solid secondary nodules, pseudo-secondary nodules and lymphoid 
tissue these usually are scarce, we may conclude that, in contrast 
to the large, medium-sized and small Ij^mphocytes of the germinal 
centers which certainly originate by mitosis, the smaller Ij^mpho- 
cytes of the other lymphocellular tissues, that are out of this pro- 
portion, are formed by shrinkage. 

The question why in most cases shrunken small lymphocytes 
but in some cases those that are not shrunken prevail, will not be 
discussed here. But it may be stated that the age of the individuals, 
the periodic occurrence of the lymphopoiesis and the rapidity of 
formation of Ij'-mphocytes probably are factors concerned. 

Besides these distinct maxima, there are in a few instances figures 
that show no maxima at all but wide ridges that reach from the size 
of the large lymphocytes to that of the medium-sized lymphocytes 
or from the medium-sized lymphocytes to the small lymphocytes 
that are not shrunken or from these to the shrunken ones (Table 5). 
These ridges certainly are an expression of the suddenness by which 
the transformation of the lymphocyte occurs (Ehrich, 1931). This 
sudden transformation is a fine example of the rh3d;hmic course 
of growth phenomena. 

If we turn now towards the second question, namely to the be- 
havior of the nuclear volumes of different organs, we find (Table 2) 
that also these show no conformity. If we compare nuclei of the 
same order we find sizes that show all transitions from ^ = 9.3 
— 22,0 r^ to V = 24.4 — 42.9 r^ As these sizes differ by more than 
100 %, it can be concluded that in different organs nuclei of aliBost 
every size can be found. 

The causes of this variation are far from being understood. If 
we recall however that in livers and salivary glands the volumes of 
the nuclei of the epithelial cells of the ducts and those of the paren- 
chjTnal nuclei are in the proportion of 1:1.5 (Arndt, Epstein), it 
may be assumed that functional dif'ereniiatioii plays an important 
role. 

From all these observations we may conclude that the assumption 
of the anatomists, according to which the nuclei of a given organ 
as well as of a given individual are of constant size or integer mul- 
tiples of an elementary basal quantum, is not correct. In fact, 
there is an immense variation not only in the same organ in different 
in(hm(hials of the same species but also in different organs of the same 
7ndmdml. The factors that cause these variations seem to be mani- 
fold. In physiologic variation apparently functional influences 
play the main role. 
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Table 5. — Variations in Nuclear Sizes op the Lymphocytes of Secondary 
Nodules and Ly'mphoid Tissue. 

(This table shows all maxiina observed.) 


' 

: 

1 Aee. 

:■ 


Volume in r^. 


N,. 

. N,. 

N.. 

Flemming’s secondary nodules 

i 

' 8 months 

.... 

14.8 

21.0- 

-57.1 

(germinal centers) 

, 2 years 


14.4 

: 33.6 

57.1 


4 “ 


17.2 

1 35.1 



■ 15 “ 

» . - . 

12. 

6-36.5 

56.0 


16 “ - 


15.2 

1 32.8 

59.4 


16 “ 

.... 

18.2 

33.6 

58.3 


17 “ 


16.2 

i 32.0 

56,0 


19 “ 


15. 

6-31.3 

52.8 


20 “ 


16.2 

j 27.7 

58.3 


,24 “ 


20.2 

j 33.5 



24 “ 


20.2 

: 36.8 

65.4 


25 “ 

10,6-16.6 

1 29.1 

56,1 


30 “ 

10,6-16.6 

j 30 5 

56.1 


:32 “ 


19.2 

i 36.8 



i38 “ 



17.2 

1 33.5 

62.9 

Solid secondary nodules 

Newborn 

9.6 


1 28.0 



« 

. 10.3 


' 27.7 



a 

1 12.2* 

-10.6 

.28.0 



it 

i 11.0 


1 28.1 



it 


14.3 

29.1 

50.0 


4 days 

■ 6.6 





4 months 

7.7 


26.4 



9 “ 

10 3 


, 27.7 

51 7 


7 years 

8,3 


26 4 



17 “ 

12.6 


34 4 

58.3 


19 “ 

. 10.7 





22 “ 

12.2- 

-15.6 

36,8 



78 “ 

11.4-15.0 

31.3 

62.8 

Pseudo secondarj' nodules 

1 Newborn 

11.0 


' 25.0 



, 4 days 

1 S . 5 


; 25 0 



1 4 months 

11.0 


; 30 5 

51.7 


1 7 years 

9.5 


27.7 



• 22 “ 

13.0-15.6 

33.5 

53 8 

L^•mphoid tissue 

1 } months 

13.0 

-15 6 

37.6 



, 8 “ 

, . . . 

16.2 

: 26 8 

57,1 


i 1 year 

) .... 

14.8 

32 8 



: 2 years 

12.2 


, 30.6 



' IG “ 


15.7 

30 6 



17 “ 

11.8 


32 1 



19 “ 


15 2 

30.8 



} 22 “ 

11. S 


29,8 

64 0 


;30 “ 

10.6 


29 8 



•38 “ 


14 7 




■78 “ 

12 2* 

-18.0 

. 38.5 

66.1 


The Nuclear Volumes in Ilyperfrophj and Airophy. About the 
nuclear volumes in lij'pertrophy and atrophy little is knovTi. Data 
obtained by the variation statistical method are, as a matter of fact, 
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available in hypertrophy of the liver only. After Clara (1930) had 
made the observation that in compensatory hypertrophy of the 
liver, besides the usual nuclei of the sizes Ni, N 2 and N 4 , the sizes 
Ns and Nie also occur, Arndt (1935) was able to show that the hyper- 
trophy in liver cirrhosis is, also characterized by the fact that the 
number of the larger nuclei increases at the cost of that of the smaller 
ones. Whereas in a normal liver he found nuclei of the proportion 
Ni = 70 %, N 2 = 19 %, N 4 = 11 % ^ 

in two cirrhotic livers he found the proportion of about 
Ni = 43 %, N 2 = 35 %, N 4 = 13 %, Ns = 9 %, 

Ni = 38%,=N2 =29%, N 4 = 27%, Ns = 4%, _Ni 6 = 2 % 

If we compare these data with findings we obtained in hyper- 
trophy of the prostate, we find very similar relations. Whereas our 
normal prostates showed nuclei of the mean proportion of about 
Ni = 83 %, N 2 = 17 % 

in our hypertrophic prostate we found the proportion of about 
Ni = 30 %, Ns = 68 %, N 4 = 2 % 

The only difference in Arndt’s and our cases is one of degree. 
Whereas in his cases the number of the larger nuclei (N 2 — Njs) 
increased about 27 to 32 %, in our cases the increase amounted to 
53 %. The cause of this difference becomes clear, if we consider 
tliat an excessive hjqiertrophy of the prostate, as in our case, repre- 
sents a much higher degree of hjTrertrophy than the hypertrophy 
of the liver in liver cirrhosis. 

Thus is can be stated that in hypertrophy of certain organs celb 
occur, the nuclear sizes of which are integer multiples of the normal 
sizes, and'the frequency of loliich is shifted from the smaller to the larger 
ones. As all sizes found were within the proportions of Heidenhain’s 
law of growth, we may co7ichide that here we have to deal with a true 
disturbance of growth. 

That similar changes occur also in atrophy can be seen from a case 
of atrophy of the thyroid gland. Whereas four apparently normal 
glands showed nuclei of the mean proportion of about 
Ni = 92 %, No = 7 %, N 4 = 1 % 
a very atrophic gland showed that of about 
Ni = 99%, No = 1%^ 

These figures show clearly that in atrophy of certain organs the 
reA-erse occurs of what we just have seen in hypertrophy. 

In other cases of hypertrophy and atrophy, however, the out- 
standing features are changes that are of a quite different nature. 
If we regard the enlargement of the breasts during pregnancy de- 
scribed in the foregoing chapter as a functional hjqiertrophy and 
its diminution in old age as a senile atrophy, we can conclude that 
in certain organs hypertrophy arid atrophy is due at least in part to 
simple swelling and shrinkage of the cells. This change, however, can- 
not be looked upon, as has been pointed out already (pp. 775 -^ 779 ), 

' In this case also a shrinkage of the nuclei could be noted. 
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as a true growth disturbance, but rather should be called a functional 
or nutritional variation. 

If we turn to the tj^es of hypertrophy and atrophy that usually 
are called hyperplasia (numerical hypertrophy) and numerical 
atrophy, we again find different changes. The outstanding feature 
in these cases is an increase and decrease of the number of the cells, 
whereas a change of the size plays a minor role. If we compare 
the nuclear sizes we obtained in 3 cases of lymphatic hyperplasia 
(h 3 ’perplasia with the formation of so-caUed germinal centers) and 
in 6 cases of lymphoid hyperplasia (diffuse hyperplasia without 
secondary nodules) with those of normal germinal centers and 
Ij’mphoid tissues (Table 6), we find a close concordance. Concern- 
ing the frequencj’- of the three nuclear classes a shift from the small 
Ij^mphocj'tes to the larger ones could not be detected in Ij^mphoid 
hjqierplasia. In Ij’^mphatic hjqierplasia, however, we observed a 
definite increase of the number of the medium-sized lj"mphocji;es 
at the cost of the small ones, which in one case even led to a preval- 
ence of the medium-sized lj’mphocji;es. From these findings the 
conclusions maj' be drawn, that in hyperplasia ice have to deal with 
an increase in the number of cells mainly, but that in certain cases 
there occurs also a shift from the smaller to the larger cells, similar 
to the shift that has been observed in hypertrophy of the liver and 
prostate. 

Table 6. — The Nuclear Sizes or Lymphocytes in Lymphatic and Lymphoid 

Hyperplasia. 

Volumes of nuclear classes. 

Xo. of . • , 

specimens. Nt. Xi. Ni. 

Flemming’s secondary nodules ; 


Normal IS 14.4-20.2 27.7-30.8 52.8-65.4 

Lymphatic hyperplasia . 3 14.7-16.6 27.7-31.3 57.1 

Lymphoid tissue: 

Normal 11 10.6-12.2 

14.7-16.2 29.8-38.5 57.1-66.1 

L\Tnphoid hyperplasia . . 7 9.3-12.2 

14.7-16.2 27.0-31.3 


Specimens of numerical atrophy have so far not been studied. 
But there can be no doubt that it is characterized b.v a decrease in the 
number of cells. 

From all these observations it can be seen that there are several 
avenues by which hj'pertrophy and atrophj' can arise. In some cases 
we have to deal with true growth disturbances (increase or decrease 
in size or number of cells in the proportion of Heidenhain’s law of 
growth) and in others with changes that should be headed by the 
term of functional or nutritional variations (simple swelling or 
shrinkage of cells outside of these proportions). _ In many cases two 
of these three avenues are chosen, one overlap])ing the other. 

The question why in some cases the one and in others another 
avenue is chosen, can be an.swered in part at least. As hjqierplasia 
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and numerical atrophy are found in tissues only that show a great 
regeneratory ability (tissues with unstable elements (Levi)), 
whereas the others are observed in tissues with little or no regenera- 
tory ability (tissues with stable or imperishable elements (Levi)), 
there can be no doubt that regeneratory ability or its cause is one 
of the factors concerned. The question however as to why the 
increase and decrease of the size of the cells in some cases is due to 
true changes of growth and in others to simple swelling and shrink- 
age, cannot be answered with certainty. But as the former has 
been observed only in tissues, the nuclear sizes of which as well as 
their function appear to be very steady, whereas the latter was 
found in glands the nuclear sizes of which as well as their function 
show great periodical changes, it suggests itself that it is the steadi- 
ness, or the functional variability which plays the deciding rdle. 
Whereas organs which react even normally with swelling and shrink- 
age of their cells will do so also in pathologic conditions; organs 
which have no such abilities can react only with a new growth within 
the proportion of Heidenhain’s law of growth. 

In summary we may conclude therefore that hypertrophy and 
atrophy can he due to a change in size or number of the cells in the 
proportions of Heidenhain’s law of growth (true growth disturbances) 
or to a simple sioelling or shrinkage (functional or nutritional variations) . 
Which of the avenues is chosen, depends largely upon the reg'enerative 
ability of the tissues and probably upon the varying ability of functional 
sioelling or shrinkage of their cells. 

The Nuclear Volumes in Benign Tumors. In many papers it 
has been stated that the nuclei of benign tumors are larger than 
those of their mother tissues. Reliable data however are scarce. 
Also, as Arndt (1935) has pointed out, the figures given by Heiberg 
do not stand adverse criticism. 

The first to study the nuclei of benign tumors by means of Jacob j’s 
method was Arndt (1935) in our institute. He found that the 
single nuclear classes of liver adenomas were to be sme in the pro- 
portion of Heidenliain’s law of growth, but that they were distinctly 
larger— the enlargement amounting to about 25%. Then my 
pupil Stapel (1935), who measured several tumors of salivary 
glands, reported that the nuclei of the so-called mixed tumors, 
which, according to our view, must be looked upon as adenomas 
of the serous elements of the salivar5'^ glands were about 20 to 25 % 
larger than those of their mother cells. 

In the meantime we have studied some more benign tumors (see 
Table 7). From this table it can be seen that papillomas of the 
skin as well as cystic tumors and fibroadenomas of the breast con- 
sist of cells, the nuclei of which are bigger than those of their mother 
cells. As the latter vary a great deal, exact figures for the increase 
cannot be given. But it is beyond doubt that in these tumors also 
the increase does not exceed 50%. As these figures do not reach 
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the proportions of Heidenhain’s law of grow'th (figures of a geomet- 
rical line), Ave can conclude that the enlargement of the nuclei of 
benign tumors is jiot due to true growth hut rather to a simple swelling, 
analogous to the simple swelling observed in hypertrophy. This con- 
clusion is not contradictory to the fact that benign tumors as a 
w'hole are growth disturbances, for their outstanding feature cer- 
tainly is an increase in the number of their cells. 


Table 7. — Nuclear Sizes in Benign Tumors. 


! Measurements 
j made by: 

1 

No. of 1 Nuclear class 
speci- } observed 
mens ’ (regular class 
studied.; in Italics). ] 

Size of regu- 
ular class, 

1 volume 
in r^. 

Epithelia of skin 

■ Kaiser 

3 

i Ni 

Nt 

Nil 

24.4-42,9 

Papilloma of skin 

• Kaiser 

1 

1 Ni 

Nz 

Nij 

51.7 

Serous epithelia of salivary glands . 

i Epstein 

13 

1 Ni 

Kz 

(?) i 

22.0-29.8 

So-called “mixed tumor” of parotid 

! Stapel 

4 

1 Ni 

Nz 

Ni I 

29.8-32.8 

Epithelia of liver parenchyma . 

Arndt ! 

4 


N. 

Nil 28.4-37.6 

Liver cell adenoma 

Arndt j 

4 

1 

!iV, 

Ni 

N, : 

34,3-46.7 

Epithelia of resting breast . 

' van Hettinga j 

9 

;ni 

Ni 


9 . 3-22 . 0 

Epithelia of puerperal breast . 

[ van Hettinga j 

4 

[Nt 

Ni 

i 

15,6-24.4 

Cystic breast 

Pentz 1 

4 

;n. 

Nt 

i 20.3-30.6 

Fibroadenoma of breast 

Pentz j 

! 

4 

In, 

Ni 

f 

20.3-27.9 


The cause of the swelling of the nuclei in benign tumors cannot 
as yet be detected. That ive have not to deal ivith functional factors, 
as in hj'pertrophy, seems to be clear. If the assumption of Wermel 
and his associates (1932-1934) is correct, i. c., that the swelling of 
nuclei in tissue cultures is due to the loss of control by the whole 
organism, then the idea is suggested that in benign tumors we might 
have to deal with cells that are excluded from this control. But 
whether this is true or not must be left to further studies. 

The Nxiclcar Volumes in Malignant Tumors. It has been stated 
frequently that the cells of malignant tumors are larger than those 
of their mother tissues. Especially Heiberg has stressed this point 
again and again (1907-1935). ^^^lereas in earlier communications he 
merely stated this finding, in later publications he attached a pro- 
found significance to it, namely, that this Avas due to tetraploidy, i. e., 
doubling the number of chromosomes, and that this tetraploidy 
AA'as the cause of the greater energy of growth of malignant tumors. 
If these papers haA'e not found the echo they descrA'ed, this aars 
certainly due to the rather unreliable method Heiberg used. Had 
he used the variation statistical method, cancer research perhaps 
Avould haA'c taken quite another course in the last 20 years. 

The first Avho used the variation statistical method in measuring 
the nuclei of malignant tumors Avas my pupil Schmitz (1930). He 
found ’that in carcinoma of the tongue all nuclei AA'ere doubled or 
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qhadrupled in size, so that we felt we were entitled to speak of a 
change to another level of size not merely of cells but of the whole 
epithelial tissue. Then Arndt (1935) in our institute reported the 
same findings in carcinomas of the liver, whereas my pupil Stapel 
(1935), who measured tumors of the parotid gland,^ was even able 
to show that by this method a differential diagnosis between car- 
cinomas of the acinar cells and of the ducts could be made. Finally 
I (1935) reported that measurements of lymphosarcomas gave 
results in full accord with those of carcinomas. 

Schairer (1935), the only author who has since taken up these 
investigations, using the variation statistical method,^ was not 
successful because he used material differently fixed and imbedded, 
and because he overlooked the physiologic range of normal nuclear 
sizes. Therefore his statements need not be discussed here. 

Since our preliminary reports we have measured many more 
malignant tumors. In the case of the sarcomas — ^^vith the exception 
of our lymphosarcomas, which I have discussed already (1935)— 
the mother cells could not be made out; therefore only our car- 
cinomas will be considered here (see Table 8). It may be empha- 
sized that these data are not selected but comprise all carcinomas 
measured by us. 


Table 8. — Nuclear Sizes in Malignant Tumors. 



Measure- 
ments 
made by: 

No. of 
speci- 
mens 
studied. 

Nuclear classes 
observed (regular 
class in Italics). 

Size of 
regular 
class 
volume 
in r*. 

Epithelium of skin .... 

Cancer of skin 

Basalioma of skin 

Cancer of lip 

Malifinant papilloma of anal region 

Kaiser 

Kaiser 

Kaiser 

Lohse 

Lohse 

1 

Ni Nt N. 

N, Ni Ns 

N, N4 Ns 

N, N, Ns 

N, N, Ns 

24.4-42.9 

64.7-95.8 

40.2-42.0 

83.7 

95.8 

Epithelium of tongue .... 

Cancer of tongue 

Cancer of tongue 

Schmitz 

Schmitz 

Schmitz 

4 

4 

1 ' 

N. N, Ni 

N, N, Ns 

1 (?) Ns N.a 

71.5-85.2 

140.2-192.2 

344.3 

Epithelium of tonsils .... 
Epithelium of tonsils .... 
Cancer of tonsils 

.Schreiber 

Schreiber 

Kendziorra 



25.7-41.1 

61.6 

59.3-66.4 

Serous epithelium of salivary 

glands j 

Bapillary cancer of salivary glands 

Epstein 

Stapel 

1.3 

1 

N. Ns (?) 

N, Ni Ns 

22.0-29.8 

53.8 

KpithoUum of salivary plane! duct 
Adenocarcinoma of pland duct . 

Epstein 

Stapel 

13 

4 

N. N, Ni 

Ns N, Ns 

13.8- 24.4 

35.9- 42.0 

Kpitliclium of liver parciiclijina . * 
Cancer of liver parenchyma , 

mm 

4 

3 

Nt Ns Ni 

Ns Ni Ns 

28.4-37.6 

61.6-71.5 

Epithelium of prostate* . . . 

Cancer of prostate .... 
Cancer of prostate . . . 

Dej’sing 

Deysing 

Deysing 

G 

1 

1 

Ni Ns 

Ns N, 

Ns 

17.6-24.4 

40.2 

116.1 

EpltbcVmm of resting breast . . 

Epithelium of puerperal breast . 
Solid carcinoma of breast . . 

Solid carcinoma of breast 
Adenocarcinoma of breast 1 
Scirrhus carcinoma of breast 
Scirrhus carcinoma of breast 
Scirrhus carcinoma of breast 

van Hcttinga 1 9 

van Hcttinga 1 4 

DrQckc i 2 

Drucke ; 1 

Drflcke 1 1 

DrQcke ! 2 

DrOcke 1 1 

Drackc j 2 

liV, N, 

! N, Ns 
i Ns N « 

! Ni Ns 

. N, Ni 

Ns Ni 

Ni Ns 

N, Ni 

9.3-22.0 

15.6-24.4 

36.8-13.9 

70.3 

40.4 

40.4-47.8 

92.7 

1 27.9 


♦ One c.oae before puberty left out (see Table 4.) 
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Looking over Table 8 ive easily discern that, with the exception 
of our basal-cell carcinomas of the skin and of 2 of our cases of scir- 
rhus of the breast, all our carcinomas show nuclear sizes that differ 
from those of their mother cells by the fact that they are doubled 
(in 30 cases) or quadrupled (in 4 cases). This comes out particularly 
well if we compare the sizes of the regular classes. As in no tumor 
nuclei were found the sizes of which corresponded to those of the 
lowest nuclear class of the other tissues, we can state that we are 
not entitled to speak of a simple shifting as observed in hjq)ertrophy, 
but that we must speak of a. fundamental change to another level of size 
—the levels being figures of a geometrical line. 

Concerning our exceptions, it can be easily seen that the nuclei 
of our basal-cell carcinomas are also of double size, if we compare 
them not with the regular class of the skin epithelium but with the 
basal cells from which these tumors are derived. In our 2 excep- 
tional cases of scirrhus of the breast, however, the nuclei are actually 
only 50 % larger than those of their mother cells. But if we con- 
sider that in a scirrhus we have to deal with a tumor that is com- 
posed to a large extent of a very dense and firm connective tissue, 
which physically counteracts the expansion of the single tumor 
cells, then we safely can conclude that also these cases are no true 
exceptions, but variations due to the particular properties of scirrhus. 

We can state therefore that malignant tumors are characterized 
by doubling or quadrupling of the sizes of their nuclei. A greater 
variability in the sizes of the individual cells certainly plays an 
important role too, the essential difference however is the turn into 
a higher level of size— a doubling or quadrupling. 

The question whether the reverse is also true, namely, that 
doubling or quadrupling is characteristic of malignant growth, must 
be answered in the negative, however, since in a case of puerperal 
breast and benign goiter we found a similar change. But whereas 
in hjqiertrophy we had to deal with a gradual swelling or shifting 
of the cells, in cancer we have a siidden turn, a jrnnp into a higher 
level with no transitions whatever. 

Concerning the pathogenesis of the malignant cells no satisfactory 
explanation can be given yet. But since it is well known that the 
size of the nuclei with the exception of the functional or nutritional 
variations largely depends upon the quantity of chromosomes 
(Boveri, 1914; Jacob), 1926; G. Hertwig, 19.30-1932), it seems to be 
certain that this question and with that the question of carcinoma 
is a cluromosomal one. 

If we have two cells the one of which is double the size of the 
other, this doubling can be due to a double number or to a double 
size of the chromosomes. In the first case we speak of polyploidy, 
in the latter of polymery. 

Whereas in normal germ cells poliqiloidy as well as polymery are 
said to occur (G. Hertwig), in normal somatic cells polyploidy has 
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not been demonstrated yet. Therefore the larger cells of the geo- 
metrical lines, which arise by “inner division,” are supposed to be 
polymer in character (Jacob]). 

The question whether polymer cells under normal conditions can 
divide again by mitosis, cannot be answered yet with certainty. 
In careful studies of regeneration of the liver Clara (1931) found 
mitoses almost exclusively in the smallest cells of the periphery of 
the lobules, which pTobably are monomer in character; in the very 
few larger cells that showed mitoses he found app'roximately the 
double number of cliromosomes; but as his animals were poisoned 
by phosphorus, the possibility cannot be excluded that these cells 
had arisen by fusion, instead of by inner division, especially since 
he found other abnormalities of mitoses (see Politzer, 1934). 

Also the occurrence of the so-called multiple succedan divisions, 
which lead to a reduction in size and which are best observed in 
germ and blood cells, does not help to solve this question; for in the 
case of germ cells we have to deal with heterotjq)ic mitoses, whereas 
in blood cells satisfactory chromosome studies are not available. 
It may be mentioned in this connection that in leukemia haploid 
mitoses have been observed (Isaacs, 1930; Groat, 1933). 

Concerning the chromosomes in malignant tumors many data 
are available. The principle findings, that have been confirmed again 
and again are diploid, tetraploid, octoploid, and even higher poly- 
ploid mitoses often in one tumor (Winge, 1927, 1930); Heiberg and 
Kemp, 1929; Lewis and Lockwood, 1929; Levine, 1929, 1931; Gold- 
schmidt and Fischer, 1930; Hirschfeld and Klee-Rawidowicz, 1930; 
Andres, 1932; Alexenko and Natansohn, 1933). But as no data 
have been accumulated correlating the number of chromosomes to 
the size of the nuclei, and as no chromosomal measurements have 
been published, so that we do not know whether the chromosomes 
were monomer or polymer in character, no conclusions as to the 
significance of these findings can be drawn. It might be that Winge 
(1927) and Jacob] (1929) are correct when they assume that it is 
a heterotjqiic mitosis that starts malignant growth. Or it might 
be that Arndt (1935) is correct, who believes that polymer cells 
normally do not divide by mitosis, but that if they do, then cancerous 
cells develop. Especially the latter theory is very tempting, of 
course, but it cannot be excluded yet that a polymer cell cannot 
normally divide by mitosis. According to our present knowledge, 
therefore, we only can state that it seems to be established that the 
pathogenesis of the malignant cells is a chromosomal question, 
and that probably we have to deal with a derailing from the normal 
track of growth during mitosis or inner division. 

Concerning the eliology of malignant tumors no new information 
can be expected by these studies. But attention may be paid to 
the fact that almost all agents that produce cancer are known also 
to produce chromosomal disturbances and vice versa. 
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In conclusion, therefore, ive can say that malignant growth is 
characterized by cells that are double or fm<rf old the size of their mother 
cells, and that this doubling or quadrupling probably is due to a derailing 
from the normal trade of growth probably during cell division. The 
malignant cell, therefore, is a special cell and not an embryologic cell, 
for these belong to the smallest cells observed. But if the malignant cell 
is a special cell and if its specialty is its double or fourfold size, then 
we safel}^ can conclude that the double or quadruple size of the malig- 
nant tumor cells is an anatomical expression of the anaplasia or 
kataplasia of malignant tumors so long searched for. 

Summary. The present report is based upon the measures of 
•220,000 nuclei of 230 specimens, half of which were growth disturb- 
ances. 

In all tissues studied, normal as well as pathologic, several nuclear 
classes were found the sizes of which were in the proportions of 
Heidenhain’s law of growth. 

The nuclear sizes of normal tissues are by no means constant; 
they vary not only in the same organ in different individuals, but 
also in different organs of the same individual. In physiologic 
variations apparently functional influences play the main r61e. 

In hypertrophy and atrophy several mechanisms are involved. In 
certain organs we find an increase or decrease in the size of the 
nuclei in the proportions of Heidenhain’s law with a shift from the 
number of the smaller to the larger cells or vice versa (liver, prostate). 
In other organs we merely observe an increase or decrease in the 
number of cells with or without change of their size (lymphatic 
and lymphoid tissue) . In still others we mainly find a simple swelling 
or shrinkage outside of the proportions of Heidenhain’s law (breast, 
thjToid). Which of these avenues is chosen depends largely upon 
the regeneratory ability of the tissues and probably upon the ability 
of functional swelling or shrinkage of their cells. 

Benign tumors are characterized by cells larger than their mother 
cells. The enlargement is due to simple swelling and not to true 
growth. 

Malignaiit tumors are characterized by cells which are double 
or fourfold the size of their mother cells, and which probably arise 
by derailing from the normal track of growth during cell division. 
The malignant tumor cell is not an embryologic cell, but a special 
cell that occurs in malignant tumors only. The doulile or quad- 
ruple size of these cells is an anatomical e.xpression of the anaplasia 
or kataplasia of malignant tumors so long searched for. 
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The hope of achieiTiig direct chemical destruction of bacteria 
ivithin the humors of their hosts has fascinated bacteriologists since 
the beginning of the science. So compelling indeed has this hope 
been that its realization has been sought at times immediately and 
empirically with, too little consideration of the determining condi- 
tions involved. That the result has been disappointing should not 
occasion surprise. 

The present investigation began with the attempt to prepare a 
serum-mercurial compound suitable for intravenous antisepsis. 
The failure of our therapeutic experiments, like those of Birkhaug 
and others,' compelled analysis of the chemical system comprising 
germicide, bacteria and serum. 

A method has been developed for quantitative comparison of 
the bactericidal action of antiseptics, under various conditions. 
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This has permitted determination of the relative velocities of reac- 
tion between bacteria and mercurial and between serurn and rner- 
curiah the magnitude of the effect of seimm on bactericidal action, 
and the type of reaction between mercurials and serum. 

Comparison of the equivalent bactericidal action of various mer- 
curials on bacteria suspended in 80% serum and in saline solutions 
has shown that from 300 to 1400 times the concentration of mer- 
curial is required to exert equivalent bactericidal action in the 
presence of serum. Combination between serum and antiseptic 
has usually been assumed to occur, but had never been rigorously 
investigated. When a method of purifying such compounds was 
devised, they were found to be non-ionic and devoid of bactericidal 
action. 


Methods and Materials. Qicaniitaiive Method for Comparing the Bac- 
tericidal Power of Disinfectants. The usual modifications of the Rideal- 
Walker method were unsatisfactory for our purpose as they depend on 
determining a point in concentration and time when no organisms survive. 
Tor the sake of comparison it was necessary to know the percentage sur- 
viving at any time. Plating experiments were essential for this purpose. 
Tor this reason a more accurate method of plating the organisms used 
was necessary. This allowed a closer mathematical approximation of the 
effect of serum on the aptiseptic used. 

The culture used was a smooth, non-motile, laboratory strain of Eberthella 
typhosa (0 901)^ grown for 18 hours in extract broth at an initial pH 
of 7.0. It was centrifuged and resuspended in normal saline at a pH which 
was carefully adjusted to the first visible change of phenol red (pH 6.8). 
A slight deviation in the degree of acidity will kill many organisms in the 
time required to complete the experiment. Dilutions of the disinfectants 
were made with volumetric flasks and pipettes which had been carefully 
calibrated. The culture was successively diluted so that control plates 
showed about 500 colonies. This was a dilution of about 1 : 10,000 of the 
original culture. This number of colonies approximated a true statistical 
picture and was not too large to make counting of the total number of 
colonies on the plate tedious. That the number of organisms in the sus- 
pension on which the antiseptic is allowed to act is of importance can be 
seen in Tig_. 1. Where the number of organisms is increased from 150 to 
680, there is an increase in the killing time. Therefore, when comparing 
the activity of any antiseptics, the number of organisms in the suspension 
must be rigidly controlled. 


Normal horse serum of the same lot was used throughout all the experi- 
ments. This is essential as it has been found that the effect of normal rabbit 
serum and of immune horse serum on bactericidal action of an antiseptic 
is appreciably different from that of normal horse serum. Meat-extract 
agar at a pH of 7.0 was used in doing all of the plating. Equal volumes of 
the suspension of the organisms in saline and the solution of the antiseptic 
being investigated were allowed to stand at room temperature. The solu- 
tion of the antiseptic was twice the concentration being investigated to 
allow for the dilution with the suspension of bacteria. At predetermined 
intervals p.2 cc. of the mixture was introduced into 10 cc. of broth, thor- 
oughly mpced by shaking, and then 0.5 cc. of the broth dilution was placed 

was added, the plate was carefully 

rotated to insure thorough mixing. 

Wien the effect of serum on antiseptic action W’as being investigated 
u- cc. ot the suspension of the organisms was mixed with 1.6 cc. of serum 



792 


SJnTH, CZARNETZKT, JIUDD; 


and 0.2 cc. of a solution of the antiseptic added. The antiseptic was ten 
times the concentration being investigated in order to allow for the dilution. 
This gave a concentration of 80 % serum. Samples (0.2 cc.) were withdrawn 
at predetermined inten^als, diluted in broth, and plated in the usual manner. 
This method of plating diluted any excess antiseptic a thousandfold, which 
is far be3mnd the killing range of the concentration of the antiseptics 
studied. All plates were counted after an inten^al of 4 daj’’s in the incu- 
bator at 37° C. 


Per 



TIME 

1. — ^Effect of number of orcanisms on bactericidal action of bichlorid of 
mercurj' in serum. 


Cur\’es are then made in which the number of survwng colonies are 
expressed as percentage of the controls for various concentrations of the 
antiseptic. These percentages are plotted against time (Figs. 2 to 9 inch). 
From points on these sundval cuia'es graphs are made representing the 
time and concentration at which various percentages of the organisms sur- 
vive in different dilutions of the antiseptic, each line representing the same 
percentage of sundvors (Figs. 10 and ll). They show the effect of the 
concentration on the killing power of the anti.septics .studied. As any of 
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the curves representing per cent survival of the organisms at various times 
and concentrations form a straight line, a comparison of the antiseptics 
can be made, using any point on these curves. The.50% supival purye 
appears to give the best basis for comparison from the standpoint ol statis- 
tical accuracy. A comparison of the 50% survival concentraUon at any 
desired time can be read from the curve. The selection of such a specihc 
time will depend on the rate of activity of the class of antiseptics studied. 
This type of comparison is much more satisfactory than a mere inspection 


Per 



TIME 

Eig. 2.— Bactericidal action of mercurial M in saline. 


of time-survivorship curves of any antiseptics, as the latter are not usually 
supcrposable. 

The accuracy of the above method as determined by the colony counts 
of plates made under identical conditions is approximately 10%. By this 
method It had been possible to construct and compare cun^es with sufficient 
accuracy to study: 1, the effeejt of the number of organisms on the position 
hlofn ^^^“'^j^oncentration curves; 2, the relative speeds of reaction between 
bSSS^^Vidni^ various mercurials; 3, the magnitude of the effect of serum on 
bactencidal action; 4, the tjiie of reaction between mercurials and serum! 
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(Evidence has been obtained showing this to be ^n addition reaction, and 
not an adsorption reaction.) 

Mercurials. Metaphen, Mercurial M, Merthiolate and Mereurochrome 
were not known to be chemical entities, so they were analyzed for mercury, 
and all figures are based on their mercury content. Mercuric chlorid 
(Merck reagent) was used, for comparison, since the chlorid ion is known 
to be non-toxic. Mereurochrome was obtained frorri H 3 rnson, Westcott 



TIME 

Fio. .3. — Bactericidal action of mercurial M in serum. 


and Dunning. Merthiolate came from Eli Lilly and Compan}’’, and was 
marked “Released for use as a biological preservative.” In some of the 
experiments a .solution of Metaphen, 1:500, from the Dermatological 
Research Laboratories was used. Since we were unable to obtain any 
Metaplien powder from them when we began this investigation. Dr. A. 
Proskouriakoff* very kindly s 3 Tithesized for us a mercurated nitro-ortbo- 

* Wo TOh to thank Dr. Proskouriakoff not only for the compound but for givinR 
us the benefit of his lonR experioncG with the chcmi.strj- of mercurials on the occa-sions 
when wo asked his advice. 
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cresol in the laboratory at Jefferson Hospital. _ This will be desipated 
Mercurial M for convenience. In our hands thip belmved like Metephp 
both in respect to chemical reactions and bactericidal actmty. witMn the 
limits of experimental error. As experimpts iph Mercurial M and 
Metaphen are very similar, only Mercurial M will be reported. 


Per 

cent Hg per Liter 



TIME 

Fig. 4. — Bactericidal action of merthiolate in saline. 


Serum. One lot of pooled normal horse serum obtained from Sharp & 
Dohme, at Glenolden, was used throughout the experiments. Due to the 
necessity of water as a solvent of the mercurials, only a concentration of 
S0% serum could be used in the plating experiments. 

Temperahire. All of the reactions were allowed to take place at labora- 
tory temperature. The slight fluctuations in temperature were not of 
sufficient importance to be taken into account. 

Results. 1. Rclalmi Bcticcen Anihcptic Action, and Time and 
Gonccntraiion . ^ In Figures 2 to 9 we have plotted curves showing 
the effect of time and concentration on the bactericidal action of 
4 of the mercurials studied, in saline and in senim. The concen- 
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tration has been plotted in milligrams of mercury per liter. Con- 
centrations necessary to kill 50% of the organisms in 30 minutes 
can he compared to show the relative value of the antiseptics. 
Figure 2 shows that there is a rapid falling off in the efficacy of 
Mercurial J\I with a decrease in concentration, but even so, 60% 
of the organisms are killed in a dilution of 1 in 6,000,000 in 30 
minutes.* 

Per 



TIME 

Fig. 5. — Bactericidal action of mcrthiolatc in scrum. 


To produce this same effect in the same time in serum (Fig. 3), 
a concentration of 1 in 17,000 is required. This is a difference in 
concentration of approximately 340 times. A comparison of the 
time and concentration at which any certain per cent of organisms 
.survive can readily be made by an inspection of sunuA-al curves 
deri\-ed from time-concentration curves (Figs. 2 to 9). Such .sur- 
vival levels for Mercurial jNI in saline and in serum are shown in 

* A similar curve is obtained for Metaphen. 
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Figures 10 and 11. The 50% survival level curve is derived by 
plotting points representing the time at which 50% of the organ- 
isms survive for each concentration used, the slope of the line 
being determined by the time required for each concentration of 
the antiseptic to exert its effect. The other survival levels are 
determined in the same manner. With the aid of these curves, the 
time and concentration at which any per cent of the control organ- 
isms survive can be observed. 

Per 

cent 



Points on each survival level represent the same degree of reac- 
tion between a mercurial and bacteria, or between a mercurial and 
bacteria plus serum, for different times and concentrations. Curves 
drawn through such points represent the relationship between time 
and concentration for the same degree of reaction. As these sur- 
A-ival levels fonn straight lines, the time of reaction . is inversely 
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proportional to the concentration for any survival level, and there- 
fore these reactions are addition reactions of the first order, and 
not adsorption reactions. In the latter case the lines would tend 
to be curved, and would represent reaction^ of a zero order. As 
it has been shovoi that the reactions between a mercurial and bac- 
teria and between a mercurial and bacteria plus serum are strictly 
chemical addition reactions, the data concerning such reactions can 

Per 

cent 



TIME 

Fio. 7. — Bactericidal action of mercurochrome in scrum. 


be treated as such, and analyzed from a mathematical viewpoint. 
Thus survival levels can be considered as vectors of a degree of 
reaction. The dift’erent survival level curces for the reactions of 
bacteria with Mercurial M in saline are almost parallel, indicating 
the same relationship as to time and concentration for each sur- 
vival level. ^\Ten tlie time-concentration relationship is the same 
for each degree of reaction only one reaction is taking place, as no 
two reactions take place at exactly the same rate. 
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The survival levels showing the reactions of Mercurial M with 
bacteria in serum (Fig. 11) are not parallel, indicating two different 
reactions of different rates, which are going on simultaneously. As 
the additional component of this system is serum, the second reac- 
tion going on is between the mercurial and serum. From Figures 10 
and 11 it can be seen that much more of the mercurial as mercury 


Per 



TIME 

Fig. S. — Bactericidal action of mercuric chlorid in saline. 

is required to kill 50% of the standard suspension of organisms in 
the presence of serum than is required to kill 50% of the organisms 
in saline in the same time. It is evident from this that the reaction 
between serum and the mercurial is the faster, the serum being 
present in the larger amount. Whereas 0.07 mg. of hlercurial hi 
as mercury is required to kill 50% of the suspension in saline m 
20 minutes (Fig. 10), 24 mg. of hlercurial hi as mercury are required 
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to kill the same number of organisms in the serum in the same 
time. Thus 24 — 0.07 mg. of Mercurial M are being inactivated 
for each 0.07 mg. of Mercurial M combining with the standard 
suspension of bacteria. About 340 molecules of Mercurial M are 
being inactivated by the serum for everj”^ one combining vdth the 
bacteria in this concentration of Mercurial M. All of the mercurials 

Per 


Mg. Hg per Liter 



TIME 

Fig. 9. — Bactericidal action of mercuric chlorid in serum. 


studied show this tendency to l)e inactivated Ijy serum, Mereurial M 
being gi\'en as an example, ^^^lere any of these mereurials is tested 
in the presenee of a homologous immune serum, there is a still 
greater tendency toward inactivation of the antiseptic. 

2. The Rdatire Effwienct/ of ihc Mermirials SUuKcd. The sur- 
vival level curves in serum (Fig. 11) indicate that there is a rapid 
falling off in the efficiency of jMerairial INI with time. Thus, if 
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Mercurial M Avere to be given as an intravenous antiseptic, suffi- 
cient amounts would have to be given to exert antiseptic action 
in as short a time as possible, so as to get the maximum efficiency 
per unit of Mercurial M. The relative efficiency of these mercurials 
in serum or in saline for any time and concentration can be esti- 
mated by means of an equation, providing two points on the o0% 



TIME 


Fig. 10. — Time-concentration survival levels of a standard suspension of E. iyphosa 

in mercurial M in saline. 


survwal level curves are knoAvn. As it has already been shoAA'n 
that such surAUA'al level curves are straight lines, these lines can be 
extended from tAvo points to get the effect of any concentration 
AA’ithin reasonable limits. If Ave let the standard efficiency of any 
mercurial equal 1 at that concentration on the surviA^al leAml curA^es 
at AA'hich 50 % of the organisms are killed in 30 minutes, then the 
relative efficiency of that mercurial in killing 50 % of the same sus- 
liension of organisms at another concentration becomes : 
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1 X — 7 — X = Relative efBcienoy 

t c 

T = Standard time = 30 minutes. 

t = Time required to kill 50% of the organisms at the concentration being inves- 
tigated. 

C = Standard concentration, 
c = Concentration being investigated. 

1 = Standard efficiency (unity). 



TIME 

Fig. 11. — Timo-conccntration survival levels of a standard suspension of E. lyphosa 
in mercurial M in scrum. 


Where the standard efficiency is unity, it must be multiplied by 
the standard time over the time bemg investigated to proidde for 
change in efficiency due to time, and this result must be multiplied 
by the standard concentration over the concentration being inves- 
tigated to proinde for change in efficiency due to concentration. 
This gives the relative efficiency of the concentration being investi- 
gated as efficiency changes with time and concentration. The pro- 
portionality of the survival levels as to time and concentration are 
not of the' first order, but of the second order, as in the following 
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example when the concentration of Mercurial M is slightly raised 
when it acts on the standard suspension of organisms in serum 

C 22.5 T 30 

V 

, X X A . 0 X I = 1.8 

c t 15 

Thus raising the concentration of Mercurial M one-ninth when it 
acts on bacteria in serum at the 50% survival level, increases its 
efficiency almost twice. The other mercurials increase in efficiency 
with concentration. 

Similar survival level curves have been prepared for the other 
antiseptics studied, and their efficiency can be compared with that 
of Mercurial M by an inspection of Table 1. Table ! shows the < 

Table 1.— Ratio of Combination of Mercurials -svith Bacteria and with 
Serum in Milligrams of, Mercury per Liter. 

1. 2. 3. 

With bacteria, With serum, Ratio of 
Meromial. mg. Hg. mg. Hg. combination. 

Merthiolate 0.0062 87 14,000 

Mercuroohrome 0.1340 110 800 

Mercurial M. . . . . . 0.0530 22 410 

Mercuric chlorid . . . . 0 . 0160 7 . 6 300 

amounts of mercurials, as mercury, necessary to kill 50% of the 
standard suspensions of organisms used in 30 minutes. The data 
in this table have been derived from the survival level curves. 

The figures in Column 1, Table 1, represent the amount of mer- 
curial as mercury necessary to kill 50% of the standard suspension 
of organisms in 30 minutes. Column 2 represents the amount of 
mercurial, as mercury, necessary to accomplish the same degree of 
killing in the same time, in the presence of 80% serum. As has 
already been shown, the figures representing the reaction of the 
mercurials with bacteria in serum represent the sum of two distinct 
reactions of the first order, represented by the equation: 

A + B + C = AC-hAB-l-C-bB 

where B -}- C equals unity, and where A represents a quantity of 
mercurial, and B and C represent bacteria and serum respectively. 
The figures in. Column 1, Table 1, represent AB of the equation, 
whereas the amount of mercurial combined with bacteria and serum 
is represented by AB -1- AC. Therefore, the quantity of mercurial 
combined with the serum proteins is the quantity AC. By sub- 
tracting AB from AB d- AC, or the figures in Column 1 from the 
figures in Column 2, we obtain the exact figure for the amount of 
mercurial combined vHth the serum proteins. This gives us a 
basis for determining the ratio of the amount of mercurial combined 
with bacteria and the amount combined with the serum proteins, 
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represented by AC/AB. These ratios are given in Column 3, 
Table 1. It at first appears that Merthiolate is the best antiseptic 
studied, as only 0.0062 mg. of Merthiolate, as mercury, is required 
to kill 50% of the standard suspension of organisms, whereas larger 
amounts of the other three mercurials are required. The efficiency 
of Merthiolate, when used in amounts great enough to kill all of 
the standard suspension of organisms is verj^ poor. When used in 
the presence of 80% serum, its efficiency is reduced 14,000 times 
as 87 mg. of this antiseptic, as mercury, combine with 1 liter of 
normal horse serum in 30 minutes, with a beginning concentration 
great enough to kill 50% of the standard suspension in 30 minutes. 
The ratios in Table 1 then represent the number of molecules of 
mercurial inactivated by the serum proteins for each single molecule 
used in killing the bacteria. The difference in ratio for the different 
mercurials can be attributed to their different reaction rates, of 
which the ratio is a measure. Thus, even though Merthiolate has 
a rapid reaction rate, and therefore appears to be a useful antiseptic 
in saline, this same rapid reactivity in the presence of serum makes 
its inactivation by the serum proteins very rapid. As the greater 
portion of the mercurial combines with the serum, as ei’idenced by 
the ratios (Table 1), these ratios then become a measurement of 
the efficiency in serum of the antiseptics studied; the ratio is an 
im'erse function of the efficiency in serum. 

3. The Mcrctirials as Intravenous Antiseptics. As the mercurials 
were considered for intravenous antisepsis, the total amount neces- 
sary to kill the organisms becomes of importance. It is evident 
from Table 1 that mercuric chlorid, from this viewpoint, is the least 
bad of the four antiseptics studied, as less of it is required than of 
the others to kill 50% of the standard suspension in serum under 
standard conditions, and its ratio of inactivation is among the 
lowest of the four mercurials studied. These ratios of inacti^•ation 
must be taken into consideration, as they depend upon time and 
concentration, and therefore upon the efficiency of the mercurials 
studied. 

It has also been noted that Merthiolate has a tendency to decom- 
pose with time, even in the dry state, with a subsequent loss of 
bactericidal activity, in saline or serum. 

4. Purified Mcrcurij-Protcin Compo^mds. a series of chemical 
exjieriments, it has been possible to determine the maximum com- 
bining power of serum with tlie mercurials studied. The maximum 
quantity of either mercurial which might combine with serum was 
estimated from the plating exiieriments. A quantity' of each mer- 
curial in excess of this amount rvas added to four separate 1-liter 
amounts of nonnal horse serum. The mixtures were allowed to 
stand 24 hours, as maximum combination takes place in this time. 
The e.xccss mercurial was removed by means of elcctro-ultrafiltration 
as described by Czarnetzky.’ By means of this procedure, all 
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particles of smaller dimensions than protein molecules were removed. 
Electro-ultrafiltration was considered to be complete when the 
ultrafiltrate was free of mercury and no longer bactericidal. The 
mercury-protein compounds were then analyzed for mercury by a 
modified Pregl electro-deposition method. In this method the 
mercury-protein compound is first digested with fuming nitric acid 
and Superoxyl in a wet combustion, and then placed in a glass 
vessel containing a weighed solid gold cathode, and a platinum 
anode. A current of 3.5 volts is applied for 1 hour at 50° C. The 
temperature is then lowered to near 0° C. The gold cathode is 
removed while the current is still being applied, dried, and weighed. 

5. The Maximum Co^nhining Poioer of Serum Proteins tvith 
Mercury. In Table 2 the maximum amount of mercurial, as mer- 
cury, combined with 1 liter of normal horse serum is given. 

Table 2. — Maximum Amount of Mercurial Combining with 1 Liter of Normal 
Horse Serum in Grams of Mercury per Liter. 


Mercury 

Mercurial. combined. 

Merthiolate 0.39 

Mercurochrome 0.29 

Mercurial M 0,35 

Mercuric cblorid . 0.29 


Each of the mercurials combines with serum to about the same 
extent; approximately 0.35 gm., as mercury, per liter. 

6. Bactericidal Poioer of Mercury-Protein Comimmds. Strangely 
enough, not only are these mercury-protein compounds not bacteri- 
cidal in the slightest degree, but bacteria grow readily in solutions 
of these compounds. This is an indication that all of the mercury 
present is bound by the protein. These compounds are also hydro- 
lyzed by trypsin, as indicated by the formol titration. In these 
compounds only the mercury portion of the antiseptic molecule is 
bound to the proteins. The other portion of the antiseptic molecule 
is present almost entirely in the ultrafiltrate. Portions of these 
compounds containing approximately 0.36 gm. of mercury -per liter 
were adjusted to pH 7.0 and then were plated with equal volumes 
ol the standard suspension of organisms used, after allowing the 
mixtures to stand for 1 hour. Table 3 gives the results of such 
plating experiments. 


Table 3.— Bactericidal Action op Purified Mercury-Protein Compounds 
(M.aximum Non-pol.ar Combination). 


Protcin-mcrcury 
compound. 
Mercurial M . 
Mercurochrome 
Merthiolate 
Mercuric chloric! 


Dilution. 

i:l 

i:l 


Effect. 
No killing 
No killing 
No killing 
No killing 


It IS obvious that protein-mercury compounds containing no 
unbound mercury are not bactericidal. They are not even bacterio- 
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Static. We have obsen’ed grovi:h of E. typhosa in them after 
48 hours’ incubation at 37° C. 

7. Mixtures of Serum and Mercurials. On the basis of the quan- 
tities given in Table 2, amounts of each of the mercurials 10% less 
than the amounts combined vdth 1 liter of normal horse serum 
were added to other 1-liter lots of the same serum. These mixtures 
were allowed to stand 24 hours. 

It was found that these mixtures exerted very little antiseptic 
action^ as the mercury was combined with the proteins in a true 
non-polar stoichiometrical combination. When serial dilutions were 
made and plated with the standard suspension of organisms, the 
amount of antiseptic activity possessed by the serum-mercurial 
mixtures was found to be A'ery slight, even after 1 hour of contact 
with the organisms. This can be seen in Table 4. As all components 


Table 4. — Bactericidal Action of AIixtdres of Mercurials and Serum on 



E. lyphosa. 





Dilution of mixture. 

1:1. 

1:4. 

1:8. 

1:16. 

1:20.1 

1:200. 

Alercurial M 

. . . . 0 

0 

0 

X 

X 

X 

Mercurochrome 

. . . . 0 

0 

X 

X 

X 

X 

Merthiolate . 

. . . . 0 

0 

X 

X 

X 

X 

Atercuric chloride . 

.... 0 

0 

0 

X 

X 

X 

0 indicates no growth. 

X indicates growth. 







of the antiseptic molecules were present in these mixtures, it can 
be concluded that these antiseptics exert their action on bacteria 
almost wholly by virtue of their mercury content. 

When normal horse serum is dialyzed, the dialysate has a very 
slight inactivating action, demonstrable only against very dilute 
solutions of mercurials. This is probablj’’ due to such actively 
reducing substances as cysteine. Plating experiments show that 
traces of cysteine abolish the bactericidal action of dilute solutions 
of Mercurial M in saline. 

Experiments are in progress designed to identify those groups m 
serum proteins which are responsible for the inactivation of mer- 
curials. ■ 

Discussion. Kobert^ gives 180 mg. of mercuric chloride as the 
lethal dose by oral administration. The maximum amount of 
mercury, in the form of any of the mercurials studied, that can 
combine with the blood serum of an average patient is approxi- 
mately 1 gm., assuming the serum volume to be 2h liters. _ This 
leaves out of consideration the fibrinogen, tissue proteins, intima of 
the bloodvessels, blood corpuscles, and so forth. The figure of 1 gm. 
for the total combining capacity of the proteins with Avhich intra- 
venous mercurials come into contact is therefore a minimum. 

From the plating experiments it would take at the A'ery least 
250 mg. of Mercurial M, acting in 30 minutes, to kill one-half of 
the organisms in the blood stream of the average patient, Avith no 
margin of safetA' for the combination with other body proteins. 
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This figure is again beyond the lethal dose of mercury, and obvi- 
ously these mercurials cannot be used successfully as intravenous 
antiseptics. 

It is evident that any antiseptic to be suitable for intravenous 
therapy must combine with bacteria and serum in a ratio favorable 
to its combination with bacteria. The ratio of the combination of 
the mercurials which have been investigated is too greatly in favor 
of the proteins, with the result that they cannot be used successfully 
in the blood stream. It is suggested that this criterion will be a 
useful guide to the chemist in the search for suitable intravenous 
antiseptics. 

These mercurials combine with serum proteins to the same degree, 
but at different rates. As all the experiments were carried out at 
22° C., these rates would be approximately twice as great at body 
temperatures, favoring more rapid combination with the serum 
proteins. Nevertheless, in a relatively short time interval, it would 
seem that their fate in the animal body must be much the same. 
Mercury-protein compounds are very stable, as they are not broken 
down by the passage of a direct 110 v. current either in dilute or 
concentrated solutions. Therefore it would seem that the toxicity 
of these mercurials, when injected intravenously, except for a very 
few moments after injection, must be overwhelmingly the toxicity 
of their compounds with serum proteins. Thus unless used in large 
amounts, it is the mercury-protein compounds which come into 
contact with tissue cells and enzymes. This might well be taken 
into account in studies of their effect on tissue cultures,® or enzymes. 
Macht® found that mercurochrome was less toxic to oxidase of 
muscle than mercuric chloride, but w'hen one converts his figures to 
concentration in terms of mercury, both mercurochrome and mer- 
curic chloride have about the . same effect. IColmer and Lucke^ 
found that the degree of tissue injury caused by different prepara- 
tions of mercury appears to bear a direct relation to the actual 
amounts of pure mercury absorbed irrespective of the kind of 
preparation and route of administration. Birkhaug^ also warned 
against the synergistic effect of the toxins of streptococci and 
mercurials on the kidney. 

Summary. 1. The efficacy of certain mercurial antiseptics has 
been determined in saline and in serum, and sundval level cunms 
for the activity of Mercurial M on E. iypliosa have been analyzed. ■ 

2. Hie activity of a mercurial antiseptic in serum is reduced to 
0-33%— 0.007% of its activity in saline. 

3. The killing power per unit weight of mercury of all these 
mercurials falls oft' rapidly with dilution when used in the presence 
of senun. 

4. Mercurial antiseptics exert their action almost wholly in virtue 
of their mercury content. 

5. Anal\ sis shows that 0.29 to 0.39 gm. of mercury is bound 
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irreversibly per liter of serum by the proteins in a mbrture of senim 
and an excess of any of the mercurials studied. Hence the maximum 
non-polar combining capacity for serum of the mercurials studied 
is about the same. 

6. The inhibiting effect of serum on mercurials is caused by the 
fact that the non-polar compounds of serum and mercury are not 
merely less bactericidal but are completelj’- devoid of bactericidal 
action. Any killing may he attributed to unbound mercury present 
in excess. 

7. It has been found that Mercurochrome, Merthiolate, Mer- 
curial M, and Metaphen, like mercuric cHlorid, are unsuitable for 
intravenous antisepsis, as they combine witli the serum proteins 
so rapidly that they are almost wholly inactivated. This, of course, 
does not apply to disinfection of the skin— a subject outside the 
scope of this paper. 

8. Amounts of any of the mercurials studied sufficient to sterilize 
the blood stream are many times the lethal dose. 
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STUDIES ON TRANSIENT VENTRICULAR FIBRILLATION. 

IV. Observations on the Clinical and Graphic Manifesta- 
tions Following the Revival of the Heart From 
Transient Ventricular Fibrhlation. 

Bv Sidney Schwartz, M.D., 

ATTESDIKG C.tROIOGRAPIIER TO TOE .MO.VrEITORC HOSPITAL, XEIV YORK CITY. 

(From the Medical Division of the Montcfiorc Hospital, Service of Dr. lachtwilz.) 

These studies are concerned with the cardiac mechanism folioiying 
the spontaneous revival of the heart and the clinical manifestations 
which occurred .simultaneously in 7 patients who have e.\'pericnced 
transient seizures of ventricular fibrillation during the prc.sencc of 
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transient or established A-V dissociation. They are based on 
correlated observations obtained while the patients . were m tne 
electrocardiographic circuit and may be best appreciated irom 
descriptions of several such episodes. ^ j -u 

On one occasion, observations were made during, and subsequent 
to a Stokes-Adams seizure with convulsive movements which 
lasted approximately 3i minutes (Fig. A-1 and 2). ^ The ventricular 
oscillations during syncope were almost uniform in shape and size 
and averaged 300 per minute (Fig. A-lA) until shortly before the 
revival of the heart when they decreased in amplitude and became 
irregular and of lower voltage, although of the same duration 
(Pig. A-2A). This transient period of ventricular fibrillation ended 
with a postundulatory pause (Fig. A-2B) which measured 0.56 
second and was followed by complete standstill of the ventricles 
for a period of 13 seconds (Figs. A-2B to C). 

The ventricular rhythm following this interval was initiated by 
a ventricular complex which was totally different from the others 
that followed it (Fig. A-2D). The second ventricular beat in this 
period of revival followed the first at an interval of 1| seconds 
(R2, Fig. A-2E). This was in turn succeeded by a series of similar 
ventricular complexes which accelerated the ventricular rate pro- 
gressively until it averaged 71.4 beats per minute within 2 minutes 
after the spontaneous revival of the heart (Fig. A-2F; Fig. B-1). 

Five minutes later the ventricular rate slowed to 38.4 beats per 
minute and now the main ventricular deflections were at times 
wider and of higher voltage, but upright in form (Fig. B-2). The 
rate of the ventricles gradually increased again to 75 beats per 
minute and the deflections began to change their direction so that 
sometimes they were downward whereas hitherto they had been 
upward (Fig. B-3). 

Within the next 5 to 10 minutes the ventricular rate was further 
increased from 75 beats per minute to 88.2 beats (Fig. B-4), and 
the main ventricular deflections now reverted from an upward 
direction to a downward one. They increased in height and 
measured 10 mm. Suddenly and abruptly the heart rate became 
accelerated to 150 beats per minute (Fig. B-5) and remained so 
forjilmost 7 minutes before it slowed to a level of 49.3 beats (Fig. 
B-7)._ Finally there was a gradual return to the original inherent 
ventricular rate and rh3i;hm 4| hours after the onset of the seizure 
of transient ventricular fibrillation. 

the auricles at first beat regularly during the 
standstill of the ventricles but for a short period they also slowed 
progr^sively for a few beats (Fig. .A-2B, C). There then ensued 
a waxing and Availing of their rate (Fig. B-1, 2) in which they kept 
pace ventricles until they suddenly began to fibrillate 

Ung. ihe auricular fibrillation persisted even during the 

period of tachycardia so that the two irregularities existed simulta- 
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neously, but they were independent of each other and one rhythm 
did not apparently influence the other since complete auriculoi'^en- 
tricular dissociation was present all the time. 



During the stage of tachycardia, periodic variations in the 
ventricular complexes were noted (Fig. B-5A, B and GA, B, C) 
which came at regular intervals, at first every tenth ventricular 
beat being interrupted by a variable complex, and then only everj- 
eighth beat until the heart rate returned to an average of 48.3 beats. 
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In this entire period the patient was in a state of stupor but could 
be easily aroused, although when spoken to she was very contused 
and did not regain full control of her senses until 5 hours had 
elapsed from the onset of the major syncopal attack that preceded 
these irregularities. 



Fig. B-1.— Electrocardioerams obtained on the same patient as in Fig. A 2 minutes 
after the spontaneous revival of the heart. The ventricular rate now averages 
71.4 boats per minute. Fig. B-2. The electrocardiogram obtained 5 minutes later. 
The ventricular rate has slowed to 38.4 beats per minute. Fig. B-3. Within the 
ventricles reached 75 beats per minute and the auricles began 
to nbnllato. Fig. B-4. A few minutes later the ventricular rate was 88.2 beats 
per^minute. Note the change in direction of the main ventricular deflections. Figs. 
B-o and B-C. Now the ventricles are abruptly accelerated to 150 beats per minute 
and remain so for 7 minutes. Fig. B-7. The return to the basic rhythm 4^ hours 
after the onset of ventricular fibrillation. 


The electrocardiograms of another postfibrillatory period were 
obtained from the same patient as the above following a seizure of 
transient ventricular fibrillation lasting about 4 minutes. This 
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long seizure of unconsciousness' with epileptiform con'vulsions ended 
in apnea and the patient appeared to be dead since no heart sounds 
were audible and no pulsations of any peripheral vessels were visible 



or palpable. There was patchy cyanosis with lividity of the entire 
body as is seen in individuals postmortem. Suddenly a very faint 
beat could be heard at the apical region of the heart and this coin- 
cided with the appearance of a very weak pulsation at the wrist. 
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Exactly 2 seconds later a forceful apical beat coincided with a 
flushing of the face and a disappearance of the cyanosis. The 
patient opened her eyes If minutes later, looked vaguely around 



finally lifflieTK^t a^an^ unintelligible words and ' 

sci^s of what Shet s'doTng"^'^ Wy, 

minutes she was oriented, recognized the physicians at 



814 SCffR^4.RTZ: STUDIES ON TRANSIENT VENTRICULAR FIBRILLATION 


the bedside and apologized for haAdng soiled the linen since she was 
always incontinent of urine and of feces during her syncopal aWacks. 

The ventricular oscillations during this syncopal attack were wide, 
each measuring almost f second (Fig. C-A) and spontaneous revh^al 



of the heart was preceded by a postundulatory pause of 1 second’s 
duration (Fig. C-B) and was ushered in by an intermediary idio- 
ventricular rhythm with a ventricular rate averaging 24 beats per 
minute. An auricular complex preceded each of the first 14 ven- 
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tricular deflections of tins intermediarj' idioventricular rli3i;lini. It 
is questionable, however, whether there was any relationship 
between these auricular beats and their successive ventricular com- 
plexes, for in the early portions of this record the interventricular 
periods as well as the interauricular periods were constantly variable. 
The auricles, nevertheless, kept pace with the ventricles until the 
auricular rate suddenly increased to 115 beats per minute and 
remained so until the return of the inlierent ventricular rhythm. 
Some of the auricular complexes became inverted after their rate 
had accelerated (Fig. C-D). 



Fig. F.— Electrocardiograms showing a postfibrillatory tachysystole in which 
there is a sudden acceleration of the ventricles after the establishment of the basic 
rhythm. Such mechanisms usually heralded another seizure of ventricular fibrillation 


As the rate of the heart chambers increased progressively, the 
ventricular complexes also changed, reverting from a dextrogram 

assumed a rate of 75 beats per minute 

(Fig. C-D). 

Again electrocardiograms were obtained from the same patient 
as the above at the end of a day when she was having as many as 
100 syncopal attacks during a period of 12 hours. At such times 
when one attack appeared after another, she was completely dis- 
oriented. She moaned all the time. Her respirations were labored 
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and irregular. Sometimes her expirations were very short and at 
other times they were prolonged. She was constantly wet from 
incontinence of urine and she vomited all nourishment, including 
fluids. 

An interesting phenomenon noted was that even when she had 
stopped having these syncopal attacks and she had regained full 
consciousness, the control of her urinary bladder was totally lost. 
Now she was incontinent all the time and this incontinence lasted 
for a period of 48 hours when she gradually began to regain control. 
Incidently, whereas hitherto she had been free from edema, now 
after these repeated attacks over a very short time, her face became 
bloated, her eyes were puffy, and all of her extremities were markedly 
swollen. 

Similar observ'’ations on another patient were obtained after a 
Stokes-Adams seizure lasting a little over 3 minutes. The attack 
was associated ‘vdth ventricular oscillations that were wide and 
aberrant but almost uniform in height, averaging 187 beats per 
minute (Fig. D-A). This seizure ended with a postundulatory 
pause (Fig. D-lB) and was followed by an idioventricular rhythm 
averaging 71 beats per minute (Fig. D-lC). Consciousness was, 
however, not restored during this period and with the appearance 
of this intermediary idioventricular rhjdhm, Cheyne-Stokes respi- 
rations set in and lasted for the ensuing hour. 

The auricles averaged 53 beats per minute and increased in rate 
very gradually until within 3 minutes after the revival of the heart 
(Fig. D-2) they averaged 77.3 beats. The ventricular complexes 
during the superimposition of an auricular beat were of a different 
form from those that did not coincide with the P wave. The former 
were larger and more aberrant (compare Fig. D-2A and 2B). 

Suddenly and very abruptlj', the ventricular rate accelerated to 
166 beats per minute, the auricles in the meantime keeping pace 
with them. Of interest in these records (Fig. D-3, 4, 5) are the 
variable ventricular complexes that at times alternate at every 
second beat and sometimes at every fourth beat. Frequently the 
intervals between periods of alternation were greater (Fig. D-5). 
The auricular complexes are clearly distinguished when this tachy- 
systole is lowered to 150 beats per minute (Fig. D-5). When the 
inherent idioventricular rhythm returned to a rate of 36 beats per 
minute, then the auricles remained at their former rate of 136 beats 
for some time before they slowed to their usual average of 100 beats. 

This entire postfibrillatory period lasted almost 4 hour. Similar 
electrocardiograms were obtained repeatedly in 5 other patients 
with either transient or established auriculoventricular dissociation. 

In the same patient another tj-pe of cardiac mechanism was 
encountered at a time when the major syncopal seizure of the day 
was followed at first by an intermediary idioventricular rh}'!!^ 
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with a regular rate averaging 71 lieats per minute, 2| minutes after 
the spontaneous revival of the heart (Fig. E-1). _ 

Despite the revival of the heart, however, the patient screamed 
after the first few effectual heats of the heart appeared and then 
lapsed into coma. A period of quiescence ensued with a very 
marked depression in the voltage of all the complexes (Fig. ^^2,^ 3) 
which could barely be distinguished, although on careful examination 
there is a regular periodicity in the small wavelets that are visible, 
their rate being 166 beats per minute. 

This tjqie of mechanism continued for only 68 seconds before it 
was replaced by a deflection with increased voltage resembling other 
records encountered previously. Compare Fig. E-4 and 5 with 
Fig. D-3 and 4. During these abnormal increases in the ven- 
tricular rate, the auricles beat independently of the ventricles, 
although the auricular rate kept pace with the ventricles. 

Within 28 minutes after' its onset, the postfibrillatory period 
slowed to a ventricular rate of 60 beats per minute (Fig. E-6) and . 
finally 12 minutes later it resumed its level previous to that of the 
onset of syncope, which was 46.8 beats per minute (Fig. E-8) and 
remained so for the rest of the day. Cheyne-Stokes respirations 
which set in soon after the onset of this cardiac mechanism dis- 
appeared within 1 hour. 

On several occasions it was noted that when the inlierent rhythm 
was reestablished very soon (within 15' to - 45 seconds) after a 
syncopal seizure, due to ventricular fibrillation, there elapsed a few 
minutes, during which time the ventricles beat, slowly at first, but 
regularly, at a rate averaging 60 beats per minute (Fig. F-A), while 
the auricles averaged 187 beats. Suddenly and abruptly (Fig. F-B) 
the ventricles would start beating at 150 per minute and the auricles 
would slow to the same rate and keep pace with the ventricles for 
a time before either one of two conditions resulted. Sometimes the 
tachysystole would slow abruptly or gradually to the originally 
established rhythm of the ventricles during auriculoventricular 
dissociation or else the tachysystole would be part of the premonitory 
period of another seizure of transient ventricular fibrillation. 

These postfibrillatory tachycardias of the ventricles were unusual 
in that the auricular complexes could readily be made out during 
the presence of abeivant ventricular complexes even though there 
was a waxing and waning of the ventricular rate at such times. 
There was a very marked variability in the size, shape, and form 
of the ventricular deflections comprising this increased postfibrilla- 
tory period and there is every likeliliood that most of the beats 
originated below the bifurcations of the auriculoventricular node 
either in one bundle or the other. 

Discussion. These observations indicate that the successive 
events following the spontaneous recovery of the heart after tran- 
sient ventricular fibrillation are of a very distinct nature. If the 
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periods of ventricular fibrillation were of short duration (not greater 
than 50 seconds) then revival of the heart was immediately asso- 
ciated with the previously established inherent rhythm of the 
ventricles. If fibrillation was of longer duration, however, or if 
repeated, shorter attacks preceded one single long seizure, then the 
successive events leading to recovery of the heart from fibrillation 
were more variable. 

Sometime a postundulatory pause ended the transient period of 
ventricular fibrillation and was followed by standstill of the ven- 
tricles. This occurred both when the inherent rhythm of the 
ventricles alternated with the normal sinus rhjdhm so as to produce 
interference with dissociation or when there was established auriculo- 
ventricular dissociation. The postfibrillatory standstill of the ven- 
tricles varied in duration but the average of all the recorded stand- 
still periods was 2.3| seconds. Again, instead of complete standstill 
of the ventricles (Fig. A-2) there occurred an irregular slowing of 
the ventricles in which the longest ventricular cycle appeared some- 
time after the recovery of the heart (Fig. C). Occasionally a period 
of slowing of the inherent rate of the ventricles appeared several 
minutes after the postfibrillatory standstill but was preceded by a 
moderate increase in the rate prior to this (compare the ventricular 
rate in Fig. A-2B to F with Fig. B-1 and 2). 

It is of some interest to speculate on the reasons for the variable 
change in the heart rhythm observed in the immediate revival of 
the heart following ventricular fibrillation. It is well known since 
Gaskell’s* experiments on the cold-blooded heart that the rapidity 
with which an^ idioventricular rhythm develops depends in part 
upon the rate at which the ventricles beat previously. In studying 
the behavior of the ventricles when they were dissociated from the 
auricles in complete heart block, Erlanger and Hirschfelder- ob- 
served that when an idioventricular rhythm of the isolated ventricles 
was increased by the application of electrical shocks, cessation of 
stimulation was followed by a period of slow contraction of the 
ventricle. The duration of tlie "stoppage of the ventricles” was 
found to depend largely upon the rate and duration of the preceding 
period of artificial stimulation and upon a certain “depressed” 
condition of the heart at the time of stimulation. These observa- 
tions were subsequently confirmed by Cushny® and attributed by 
him, in addition to the rate and duration of stimulation, to a 
reduction of oxygen in the perfusing fluid resulting in asphyxia, as 
well as to a diminution of the perfusing fluid at such times. 

Both Erlanger and Hirschfelder. and Cushny noted that there 
were two tjqies of stoppages of the ventricles following artificial 
stimulation. In the first type, the first ventricular cycle after 
cessation of stimulation appeared to be the longest and in the other 
tjqie the successive ventricular cycles increased in length from beat 
to beat for several beats before there appeared gradual acceleration 
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of the ventricles to their return to the inherent rhythm. In none 
of their experiments was the ventricular rate after the period of 
standstill of the ventricles found to be greater than the inherent 
basic rate after the establishment of auriculoventricular dissociation. 

They further observed that the slowing and the pauses after 
cessation of artificial stimulation were generally more marked and 
more persistent in the latter phases than in the beginning of the 
experiments. As the “energy” of the heart decreased, the results 
of the accelerated rhythm became greater and a longer interval 
had to be allowed to obtain the return of the rhythm prevailing 
before the interference. Spontaneous acceleration of the ventricles 
were similarly observed to result in periods of slow ventricular 
rhythm. Cushny concluded that this low phase was not inhibitory 
in the origin since it occurred after full atropinization of the animal 
as well as before. He felt the phenomenon was due to a depression 
of the function of stimulus formation in the ventricular pacemaker 
which presents analogy to the fatigue of striated muscle and that 
the contractility and excitability of the ventricles was not dimin- 
ished at such times. • 

It would appear that the cardiac mechanisms observed in the 
postfibrillatory period in man are an almost exact parallel to the 
experimental studies cited above. It is conceivable that the 
repeated spontaneous accelerations of the heart which take place 
in human beings prior to and during transient ventricular fibrilla- 
tion, progressively augment the fatigue of the ventricular pace- 
maker so as to depress its function and thus result in stoppage of 
the ventricles. 

Since standstill of the ventricles after transient ventricular 
fibrillation is a natural phenomenon and is directly related to the 
immediate previous alteration in the rhythm of the heart, it is a 
fallac 5 ^ to assume that the administration of any drug during a 
period of such postfibrillatory standstill is responsible for the revival 
of the heart. This was suspected by Levine and Matton'* in 1 of 
their patients with transient ventricular fibrillation in whom stand- 
still of the ventricles was followed by revival of the heart after the 
intracardiac administration of adrenalin. As a matter of fact, as 
we have pointed out elsewhere, adrenalin in any form is contra- 
indicated in patients who are subject to transient seizures of ven- 
tricular fibrillation for in such patients the drug precipitates and 
may perpetuate the fibrillary process.® 

The Behavior of ihc Auricles in the Fosifibrillatory Period. It has 
been pointed out that the auricular rate and rhjLhm are, as a rule, 
undisturbed during short runs of ventricular fibrillation, although 
at times it is difficult to distinguish the superimposed auricular 
waves upon the ventricular deflections during ventricular fibrillation. 
During longer runs of ventricular fibrillation, the bizarre ventricular 
complexes obscure completely the auricular waves and we can 
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only assume from experimental observations that the auricles at 
such times may be reflexly stimulated above their basic rate by 
retrograde impulses from the fibrillating ventricles. Consequently, 
since the auricles' are dissociated from the ventricles, this effect of 
extra stimulation upon -them results in their slowing after the 
cessation of fibrillation -of the ventricles. We then have the same 
variabilitj^ in the rate and rhythm of the auricles in the postfibrilla- 
torj^ period as was described for the ventricles. These consist of 
variable pauses with a waxing and waning of the rate until the 
inherent rhythm is established again. On rare occasions the 
auricles may even begin to fibrillate or flutter for a short period 
and continue fibrillating even though the inherent rate of the 
ventricles has already been re&tablished. Mention should be 
made that since the longer runs of ventricular fibrillation are 
invariably associated with high grades of apnea, part of this auricu- 
lar and ventricular slowing may be attributed to asphyxia, an 
experimental phenomenon well known to produce various grades 
of block.® 

The PostfibrUlatory Tachycardias. The slowing of both auricular 
and ventricular rates after the cessation of ventricular fibrillation 
is usually followed at a variable inten-al by a progressive increase 
in their rates until the reestablishment of their inherent rhythms. 
But, as has been .pointed out above, there frequently ensues after 
the reappearance of this inlierent rate a second period of accelera- 
tion of both the auricles and the ventricles. At times, this is a 
gradual affair (Fig. B-3, 4, 5, 6) in which the ventricular rate is 
augmented by a shortening of the interventricular periods until a 
maximum rate of 150 to 160 beats per minute is reached. The 
ventricular deflections during these tachycardias are aberrant and 
totally different from those of the basically inherent rhythm. It 
is very likelj'" that an ectopic focus within the ventricles or in one 
of the bundles assumes the pacemaker at such times and after 
persisting for a while gradually gives way to the inherent rhythm 
of the ventricles. 

Occasionally an ectopic focus within the ventricles may suddenly 
disrupt the basic rhjlhm (Fig. F) and initiate a tachycardia with 
variable ventricular complexes and an irregular ventricular rate, 
during which the auricles keep pace with the ventricles. Tiie 
return to the inherent rhjlhm of both the auricles and ventricles 
in these' instances has been observed to be gradual. 

hlore often, this second period of acceleration of the ventricles 
may be associated with a bidirectional type of tachycardia (Fig. I.)-3) 
with ventricular complexes that alternate periodically at \-arious 
intervals (Fig. D-4). 

It was following the repeated presence of such tachycardias of 
the heart over several days at a time, after innumerable recuirent ' 
seizures of transient ventricular fibrillation, that these patients 
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invariably developed signs of severe congestive heart failure, whereas 
throughout their entire period of freedom from Stokes-Adams 
seizures, they never showed any such signs. 

Suminary and Conclusions. 1. Correlated observations were made 
of the clinical and graphic manifestations following the spontaneous 
revival of the heart from transient ventricular fibrillation in 7 
patients with either transient or established A-V dissociation. 

2. It was determined that revival of the heart from transient 
ventricular fibrillation in man is associated usually with a post- 
fibrillatory pause, followed by a variable standstill of the ventricles 
and an intermediary idioventricular rhythm with a progressive 
increase in the heart rate to as high as 160 beats per minute before 
the restoration of the basic ventricular rhythm. 

3. The duration of this postfibrillatory period is dependent upon 
the duration of the antecedent period of ventricular fibrillation and 
is independent of the type of ventricular oscillations present during 
the fibrillatory period. It may vary from a few seconds to as long 
as I hour at one time. 

4. The spontaneous revival of the heart from transient ventricular 
fibrillation is associated clinically with a sudden flushing of the face 
and entire skin by a pink-red coloration, a forceful pulsation of the 
heart against the chest wall and with a barely perceptible beat of 
the pulse at the wrist. With these events the eyes open and loud 
screaming may be followed by incoherent and unintelligible speech, 
a very cloudy sensorium and a progressive increase in the heart rate 
as noted from the electrocardiograms. This in turn is followed by 
a progressive lowering of the heart rate again to the original basic 
level prior to that present before the onset of ventricular fibrillation. 
Coma and a period of unconsciousness may then supervene and 
last as long as 5 hours after a major sjmcopal attack. 

5. The period of apnea present during ventricular fibrillation is 
replaced at first by irregular periods of respirations in which inspira- 
tion is prolonged. There may then appear tj^iical Cheyne-Stokes 
respirations as well as all forms of irregular respiratory movements 
noted after asphyxia. 

6. Occasionally after repeated attacks there is a generalized 
anasarca, involving the face, arms and the entire skin. 


7. All of these symptoms and signs are so unique that a clinical 
diagnosis of transient ventricular fibrillation may be suspected in 

an individual with syncopal seizures if they are noted after the 
attack. 

8. vSince the natural course of the revival of the heart from 
transient ventricular fibrillation includes a period of acceleration 
ot the heart following a postfibrillatory standstill of the ventricles 
It IS a fallacy to assume that any drug administered during the post- 

fibrillatop’ period is responsible for the successive events which 
appear after its use. "mcu 
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RADIAL ARTERY CHANGES IN COMPARISON WITH THOSE OF 
THE CORONARY AND OTHER ARTERIES. 

By S. W. Sappington, INI.D., 

PATHOLOGIST HAHNEMANN HOSPITAL, 

AND 

Hunter S. Cook, M.D., 

ASSISTANT PATHOLOGIST HAHNEMANN HOSPITAL, 

PHILADELPHIA, PA. 

(From the Department of Pathology, Hahnemann Medical College.) 

The purpose of this paper is to report observations on changes 
in the radial artery both at various age periods and as a result of 
sclerosis, in comparison with similar changes in the coronary and 
other muscular arteries from the same case. In doing this, we 
have taken the well-described coronary changes as a standard for 
comparison. 

The radial artery has been especially investigated by Hallen- 
berger,^ Thayer and Fabyan,^ Hesse® and others. The reasons for 
this are pretty obvious. The taking of the pulse rate and pres- 
sure at the radial is presumably accompanied by palpation of the 
vessel wall in an endeavor to estimate the absence, presence and 
degree of arteriosclerotic change with possible inference from this 
as to sclerotic changes elsewhere. It is as an index of general or 
visceral arteriosclerosis that the radial artery has received particular 
attention. Hallenberger, noting the paucity of accurate investi- 
gations of arteries possibly involved in arteriosclerosis such as the 
radial, undertook such a study at Aschoff’s request. He e.xaminecl 
histologically the radial artery in about SO cadavers, ranging in 
age from s" months to 75 years and attempted to discriminate 
between physiologic and pathologic alterations in the vessel. 
Thayer and Fabyan’s work is a clinico-pathologic study of the 
radials in 61 cases, comparing palpability and thickening with histo- 
logic findings and concluding that the unduly palpable radial 
artery is a danger signal of very possible visceral sclerosis. Hesse’s 
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exliaustive monograph includes the removal in one piece of the 
subclavian, axiUary, brachial and radial arteries and a gross and 
microscopic study of all these vessels, which permitted contrastive 
observations on normal and arteriosclerotic changes m vessels oi 
both the elastic and muscular types of the upper extremities. In 
this way, she examined 41 cases at ages ranging from 2 days to 
79 years and in addition a 6| months’ fetus. Though the amount 
.of her material was. small, she concluded that palpability of the 
' arteries was independent of any morphologic, change and due to 
tension and tonus of the vessel Avail. Fischer and Schlayer^ many 
years previously had advanced a similar opinion based^ on a com- 
parative test of the palpability and of the anatomic findings carried 
out on 75 arteries. They examined in each case the radial, brachial, 
femoral and carotid. In 50% of the cases where an intimal scler- 
osis Avas present, no thickening of the arterial wall could be demon- 
strated. In 75% of the cases where a very marked thickening or 
palpability of the artery was found, there AA^as no anatomic sclerosis 
of the intima. The majority opinion seems to favor the vieAV 
that the clinical condition of the radial artery offers no accurate 
information as to arterial conditions elsewhere. We, therefore, 
did not approach the problem from this angle. 

In a series of 86 cases, ranging in age from birth to 84 years, AA’^e 
examined in each instance the radial and coronary arteries, in 
25 cases the renal and splenic arteries as well, and in 7 cases a 
cerebral vessel also. We further studied 35 additional coronaries 


without accompanying radials. In each of the 86 cases, sections 
Avere taken from the anterior descending branch of the left coronary, 
the left circumflex and the right coronary arteries and the radial 
artery at the Avrist. These were stained Avith hfematoxylin and 
eosin and with Weigert’s elastic stain and van Gieson. The same 
procedure was followed when other arteries Avere sectioned. While 
there was a certain amount of gross inspection in selecting the most 
likely part for section, the study was essentially microscopic and 
involved the examination of about 1700 sections. 


The age distribution of the 86 cases as to decades was as follows: 
First, 6; second, 9; third, 9; fourth, 6; fifth, 23; sixth, 10; seventh, 
17; and eighth and above, 6. The additional 35 coronary cases 
were likewise distributed through Awious decades. There Avas a 
partial selection of cases utilized in that we endeavored to get an 
average of individuals and ages that would represent what might 
be termed the normal age evolution of the vessels especially in the 
later years; and, again, another selection of cases suffering from 
diseases promising a maximum result in the way of vascular change, 
there were /3 males and 48 females in the series but we did not 
attempt an analysis on a sex basis. 

tlw was first the systemic examination of 

the 121 aAailable coronary arteries distributed widely through the 
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various decades. Thanks to the definite, clean-cut and extraordi- 
nary changes which take place normally and pathologically in 
these vessels and the detailed expositions of them by Wolkoff,^ 
Ehrich, de la Chapelle and Cohn,® and Gross and his colleagues/ 
the order and degree of their physiologic and pathologic change 
is almost standardized and to a lesser extent for muscular arteries 
generally. 

The large coronary arteries show, both as to incidence and degree, 
aniong the greatest changes of any arteries in the body; this is 
especially the case with reference to muscular arteries, of which 
the coronary is an example. And among the elastic arteries, the 
aorta only approaches them in extent and frequency of alteration. 
Beginning with birth, plainly demonstrable changes are seen in 
even the first few weeks and continue until death, so that at 60 or 
70 these vessels present a histologic picture that only remotely 
resemble the artery of the first depade. For details of this life- 
long evolution, one should consult Gross’ article. Both physiologic 
and pathologic changes are predominantly intimal. At birth or in 
the first week, there may be slight thickening and beginning split- 
ting of the internal elastic layer of the intima. This increases and 
longitudinal smooth muscle fibers appear between the split elastica. 
This constitutes the musculoelastic layer. The innermost elastic 
layer, the “secondar 3 '' intimal elastic membrane,” splits further to 
form the elastic-hyperplastic layer. The inner portions of the 
elastic-hyperplastic layer develop a preponderance of connective 
tissue and form the connective tissue laj^ers. All of these layers, 
the musculoelastic, the elastic-hj'^perplastic and the innermost con- 
nective tissue laj’^er progressive^^ increase in thickness, mingle more 
or less, and collectivelj" form an outstanding thick intimal layer 
soon equal to and often much thicker than the media. A^Tile 
these changes are taking place, straightening out of the usual 
undulations and breaks are seen in the internal elastic layer, and 
longitudinal muscle fibers from the media push over the intimal 
border causing “border disappearance” and constituting an "inter- 
mediarv layer.” Usuall.y, however, it is quite eas.y to distinguish 
between the intimal and medial coats. The fine elastic fibers of 
the media first increase with .years and then decrease and collagen 
fibers ultimately appear. But the media as well as the adventitia 
offer insignificant changes compared with the intima. All these 
coronarj' changes develop to reach a maximum about the end of 
the fourth or fifth decade and thus far the mural evolution is 
usuallj’ regarded as phj'siologic. "fMiether physiologic or patho- 
logic, such intimal alterations are rather characteristic of muscular 
arteries as a whole. In other words, thus far, the coronar.v arteries 
act, as thej’- look, like muscular arteries. After the fourth decade 
and especially in the sixth, atherosclerosis appears and caps the 
p^e^^ous marked thickening with an eccentric addition which tends 
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considerably to narrow the lumen of the vessel. The media now 
suffers pressure atrophy and thins considerably. Both Wolkoff 
and Beneke® emphasize the localization of these eccentric thicken- 
ings on the side oh the artery that is turned -toward the heart, the 
part that rests against the heart muscle. Another favored site 
is at the origin of branches. In fact, arterial thickening of any 
type seems to be especially prone to appear where branches leave 
the larger vessel. Following atherosclerosis, necrosis and calcifi- 
cation are common. It will be noted that this calcification, like 
the atherosclerosis, is intimal and scarcely ever is it found in the 
media. Here, therefore, the coronary acts like an elastic artery in 
which calcification, if it occurs, is regularly intimal. Ophuls® 
thinks that from Wolkoff’s description of the large branches of the 
coronaries, they resemble partly the elastic and partly the muscular 
arteries. The atherosclerotic changes are usually regarded as 
pathologic, with Wolkoff dissenting. Whatever the viewpoint, it 
is evident that such extreme alteration and thickening of the wall 
may lead to practical lumen extinction, either directly or finally 
through thrombosis. 

Our sections of coronary vessels showed these changes quite 
clearly. Coronary vessels from 2 stillboms showed a perfect single- 
layered internal elastic layer. At 3 and 7 days, there was a little 
thickening. An artery of a 10-day-old infant exhibited definite 
elastic splitting and at 5 weeks a case showed a distinct musculo- 
elastic layer. At 2 months, the anterior descending branch of 
1 case showed almost no change, while the right coronary showed 
splitting and an elastic muscular layer. At 1 and 3 years, these 
alterations were pronounced but still relatively slight. As the age 
increases, the intimal layer progressively and for the most part 
steadily thickens with one or more of the three layers described 
more or less prominent. Thus up to 40 or 50 years of age what 
one sees with not too analytic an eye is a gradual thickening of the 
intima as a whole. This gradually growing intimal collar seemed 
to us to be fairly uniform for the entire circumference of the vessel, 
though occasional thickenings were seen, notably at the branching 
of a vessel. There certainly was not the marked eccentric disposi- 
tion seen in atherosclerotic formations. The degree of intimal 
thickening may be rather satisfactorily gauged by noting roughly 
its relation to the thickness of the media. Thus, the ratio of intima 
to media in thickness at birth and shortly after may be 1 to 6 or 8, 
after the first year and up to the tenth the ratio may be 1 to 2 or 3 
and occasionally 1 to 1, In the second decade the ratios of intima 
to media do not vary much from the last of the first decade. But 
in the third decade, they are commonly 1 to 1 and not irffrequently 
2 to 1 or 3 to 1. The same ratios hold for the fourth decade. But 
again in the fifth decade, especially the latter half, the intima is 
found to be 2 to 3 times the thickness of the media and occasionally 
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higher with ratios 4 or 7 to 1 (atherosclerosis). In the sixth decade, 
ratios of 5 or 10 to 1 are common, due to the frequent appearance 
of atherosclerotic thickenings. I^Tiere atherosclerosis is absent, 
the ratio does not vary much from that seen in the fourth decade. 
The alternation of ratio is dependent almost entirely upon intimal 
change rather than medial. The coronary arteries, then; from birth 
to death gradually thicken, almost exclusively through intimal 
change. Up to 40 years this is roughlj" uniform and may be con- 
sidered hyperplastic and physiologic. After 40 there is not much 
change of this type, but commonly supplementary eccentric addi- 
tion to the intimal thickness by atherosclerotic formation. This 
may be totally expressed in the altering ratio of intimal to medial 
thickness and this may be considered an index of coronary sclerosis, 
physiologic or pathologic. 

Radial artery changes have been analyzed generally along the 
same lines, Hallenberger, Thajmr and Fabyan and particularly 
Hesse describe primary splitting of the elastica with the develop- 
ment of the elastic muscular layer, then the elastic-hyperplastic 
layer and finally the connective tissue zone or thickening. Upon 
this maj'^ or may not be superposed atherosclerosis: all agree that 
in the radial this is uncommon if not actually rare. The radial is 
a much smaller artery than the main coronaries and the changes in 
it are infinitely less than in the coronary and proportionately difii- 
cult to analyze meticulously. 

Surveying our sections of 86 radials in advancing decades, we 
observed in the radial of the stillborn the perfect single-layered 
internal elastic layer immediately beneath the lining endothelium 
as in the coronary. At 1 and 3 years of age, splitting of the internal 
elastic layer was seen, but little else e.xcept a very slight thickening 
where branches leave. Toward the end of the first decade, there 
may be noted a very slight thickening in addition to splitting, the 
beginning of the musculoelastic layer. Radials at 12, 13, 14, 16 
and 17 years showed only a slight exaggeration of this, changes 
that ordinarily would be passed over. One radial at 16 years 
exliibited almost no alteration. In radials at 12, 13 and 14 years, 
the media appeared thickened but we thought this might be due 
to the postmortem contraction of the arterial wall that Hesse found 
so marked in the young. From 21 to 30 years, this thickening of 
the intima, due to splitting and proliferation of the elastic layer, 
together with the appearance of muscular and connective tissue 
fibers, progressed steadily but only to a very slight degree. Again 
in the fourth decade, from 31 to 40, the increase continued but not 
greatly. In this decade one could see in the Weigert sections defi- 
nite rnultiple elastic layers and in the hematox;\-lin and eosin sec- 
tions an increased breadth of intima dotted with cross-sections of 
nuclei and fibers. There was a decided increase of thickening in 
the fifth decade, from 40 to 50 years, in which we were able to 
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examine 17 radicals. There now was seen a distinct though slight 
intimal collar made up mostly of split elastica and connective 
tissue. Longitudinal sections showed connective tissue arranged 
lengthwaj^s between the elastic layers. There is supposed to be 
a certain amount of longitudinally arranged unstriped muscle 
with this connective tissue^ but it is difficult to distinguish even 
with the van Gieson stain. From 50 to 60 and from 60 to 70 
there was still a fairly steady though not excessive increase in the 
thickness of the intimal wall. Most of the radical change is intimal 
and this intimal change occurs particularly between 45 and 65. 
After 65 there is not much intimal thickening, but as the media 
shows some degeneration and slight thinning particularly after 60, 
casual observation may give the impression of rather marked intima 
increase. We measured the medial of all radials and found the 
thickness of the middle coat increased up to the middle of the third 
decade, after which it remained practically stationarj'^ until the 
middle of the seventh decade, when the media showed a slight 
thinning. All this change is of the type seen in the coronary and 
usually regarded as physiologic, though in the radial the discrim- 
ination between musculoelastic, elastic-hyperplastic and connec- 
tive tissue layers is much more difficult, if not at times impossible, 
on account of the greatly less degree of alteration. Atherosclerosis 
as it occurs in the coronary is, for practical purposes, not seen in 
the radial. On this paucity of lipoid deposit or atherosclerotic 
formation all writers agree, and Nordmeyer^" found no fat in the 
radial artery. Her sections, like ours, were taken at the wrist. 
She refers to the fact that Hesse in higher sections of the radial 
found more sclerosis. In our series of 86 radials, we found only in 

3 evidences of slight lipoid deposits in the thickened intima and in 
no case any atherosclerotic plaques. Certainly the striking extreme 
eccentric atheromatous thickening so characteristic of the coronary 
is riot seen in the radial. The maximum change in the radial artery, 
consisting of a roughly uniform intimal collar of elastic and fibrous 
connective tissue and achieved between 45 and 65 years is compar- 
able in kind but not in degree with the probably physiologic variety 
seen in the coronary before 40 years. We should say that the 
thickest radial seen at, say 65 years, and above, compared in kind 
and degree with that of the coronary change at about 20 years 
of age. 

These differences in radial and coronary vessels are strikingly 
brought out in a comparison of the ratios between the intima and 
media in the two vessels, as the changes in both arteries are, domi- 
nately intimal. In comparison with the intimal-medial ratio in 
the coronaries, previously described, in the radial, the intimal- 
media ratio of 1 to 8 or more found in the first decade shifts much 
more slowly, until between 30 and 40 years of age it may be 1 to 

4 or 5, After the fourth decade, the intima thickens more and 
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the ratio is then 1 to 3 or 4 and later 1 to 2 or 3. Only occasionally 
is the ratio 1 to 1, the intima equalling the media in thickness, and 
it exceeds the media only rarely and locally in one of the cushion- 
like thickenings. The difference in ratio is not due to thickening 
of the media, which changes but little in diameter in the radial 
after 30. This notable difference between radial and coronaries 
we have attempted to make clear in a series of comparative draw- 
ings of the radial and coronary walls drawn to scale as far as the 
intimal and medial ratios are concerned (Figs. 1, 2, 3 and 4). The 
compared radial and coronar3'' arteries at anj^ given age are alwaj's 
from the same case. The coronarj'^ is, of course, much larger than 
the radial and this is not seen in the drawings but the actual breadth 
relation between the intima and media of each vessel has been 
strictl.v maintained. The variation in intimal thickness at differ- 
ent ages and in the single sections is outlined in the black sil- 
houette while the media is showm in white. Thej"^ represent the 
progressive mural thickenings from birth to old age. We did not 
attempt to select or avoid cases with diseases supposedly predispos- 
ing to arteriosclerotic change, as both arteries are presumabl.y 
liable. But the majority died with disease having no !toown defi- 
nite relation to arterial change, and we think these drawings repre- 
sent what may be expected in the way of change at different ages 
in the respective vessels. It is interesting that the coronarj’- in 
the patient, aged 32, dying of acute leukemia, showed almost as 
much change as the coronary of the 84-year-old patient dying of 
nephrosclerosis and that while the radial is relativel.v thickened in 
both these cases, thej" were scarcely so in other cases with marked 
coronary thickening. It is plain from these drawings the coron- 
aries increase earl.y, progressive!}’’ and greatly, while the radials 
show a relatively slight and insignificant change. 

We have so far purposely omitted mention of medial calcification 
(jMonckeherg’s sclerosis), as it apparently has no bearing on or relation 
to the intimal changes just discussed. Monckeberg’s sclerosis, as 
is well kno-rni, is a disease of muscular arteries, particularly of the 
peripheral vessels and is much more common in the lower extremi- 
ties. Lange,” in 300 cases, found medial calcification in the lower 
femoral in 97%; posterior tibial, 87 %; anterior tibial, 83%; brachial, 
2%, radial, 18%; and ulnar artery, 14%. It is a pretty good rule 
that atherosfclerosis increases centripetally and medial calcification 
centrifugally. Atherosclerosis attacks the elastic arteries; medial 
calcification, the muscular arteries. In 9 of our 86 radials there 
was well-marked medial calcification. This was distinctly medial 
and in none of our cases was there intimal calcification. Some 
writers, Thayer and Fabyan, for e.xample, think intimal calcifica- 
the radial not uncommon, but this is not our experience. 
Both Hallenberger and Hesse found calcification along the Internal 
elastic layer. Some of bur sections showed this appearance, but it 
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Fig. 1 

Figs. 1, 2, 3 and 4. — (34 small drawings.)* Cross-sections of the radial and coronary 
arteries, each from the same case, at various age periods as follows: birth, 1, 3, 8, 14, 
17, 21, 28, 32, 37, 42, 49, 53, GO, 64, 70, 84 years. Intima in black, media in white, 
adventitia stippled, drawn to sCale to show relation of intima to media in thickness. 


* The accurate drawings were done by F. T. Kepler. ( 829 ) 
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seemed to us that in these cases the calcification was really medial 
or at least primarily so and extending into the intima and then 
hardly across the border. In fact, it seemed to us noteworthy 
that radial calcification was almost invariably medial. On the 
other hand, we scarcely ever saw medial calcification of the coronary. 
Rarely there was a very slight degree of it, but not at all of the 
Monckeberg type, while intimal calcification was, of course, ex- 
tremely common in the atherosclerotic regions in the coronaries. 
This localizing tendency in Monckeberg’s sclerosis was well illus- 



Fig. 5. — Radial, A: renal, B; splenic, C: and anterior descending branch of left 
coronary artery, D; and localization of calcified areas. Intima black, media white, 
adventitia stippled and calcified areas barred. Case 21. Patient aged 68 years. 


trated in 1 case which showed extreme medial calcification in the 
radial and similar change though of less degree in the renal, splenic 
and vertebral arteries, while the coronary from the same case pre- 
sented an extreme degree of intimal calcification but no involve- 
ment of the media (Fig. 5). Similar findings were obtained in 
another case which showed radial, renal and splenic medial calcifi- 
cation and coronary intimal calcification. It .is curious that the 
coronary, structurally a muscular artery, acts, as far as athero- 
sclerosis and calcification are concerned, like an artery of the 
elastic type. 
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There were 25 cases in which the radial artery was compared 
with the main renal and splenic arteries from the same patient 
and 7 cases in which a cerebral artery was examined as well. Of 
these, 80% were from subjects of 45 to 78 years. The renal, a 
muscular arterj^ is larger than the radial just as the splenic, also a 
muscular artery, is larger than the renal. In many instances, one 
artery would show' decided change and the others little; or twD might 
show change and a third but little. The changes w'ere mostly 
intimal in all, but of unpredictable degrees. On the whole, we 
found renal changes less than radial and splenic changes more than 
radial. The ratio of intima to media in the renal vessel after 50 
was often 1 to 5 up to 1 to 8, while the radials for the same period 
showed a ratio of 1 to 2 up to 1 to 5. The splenic artery noted for 
its tortuosity was expected to show^ great changes but single sections, 
though taken from supposed favorable sites, showed not infre- 
quently surprisingly little change, often not more than the radial 
and at times less. The splenic ratio w'as about like the renal. 
The spleiiic, how'ever, and occasionally the renal show'ed marked 
eccentric atherosclerotic plaques sometimes with calcification. 
These thickened the wall decidedly and altered the ratio locally 
to 5 or 10 to 1. Such a finding is almost unknowm in the radial. 
There were 2 such plaques in 25 renal arteries and 5 in 25 splenic 
arteries. On the other hand, w^e foimd a renal artery from a man 
of 77 like that of a child of 10 wdth an almost perfect internal elas- 
tica. The media of the renal and splenic arteries showed, compared 
with the radial, an apparent diminution of muscle fibers in later 
life with the appearance of hyalin or bluish areas suggestive of 
mucin. This is seen to some extent, but much less, in the radial 
of older people. In examining the cerebral vessels, the normal 
thickness of the internal elastica and the thinness of the muscular 
layer was kept in mind. We examined 9 vessels in 7 cases, 2 
vertebrals, 5 basilars, 1 middle cerebral and 1 internal carotid. 
The changes were a little more marked than in the radial. They 
are predominantly intimal. The media is so thin that the ratio 
is not so significant as in the radial or coronary. The intimal- 
medial ratio of thickness varied early and in milder changes from 
1 to 2 to 1 to 4 but shifted to 2 to 1 to 4 to 1. Atherosclerotic inti- 
mal plaques are apparently common here and we found 2 in the 
7 cases with marked eccentric thickening. In another case (Fig. 6) 
in which there was basilar thrombosis there w'as a very thick calci- 
fied plaque and a similar one in the vertebral artery while the radial 
showed only moderate change of the physiologie type. The intimal- 
medial ratio of the basilar in this was 10 to 1 as against a 1 to 4 
in the radial. The coronary changes of the same case were marked 
and atherosclerotic but not extreme. 

The distribution of calcification in this group of 25 cases was of 
some interest. As has been already noted, when the, radial calci- 
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fication was medial (the Monckeberg type), calcification, if found 
elsewhere as in the renal, splenic or cerebral vessels, showed the 
same localization while coronary calcification; if present, was almost 
invariably intimal. Of course, calcification either medial or intimal 
was not necessarily found in the other vpsels when present in the 
radial or vice versa. This might be due in part to the fact we did 
not make multiple sections of each vessel. Whether or not there 
was found Monckeberg sclerosis, the presence of an atherosclerotic 
sclerotic plaque presented an invitation for lime deposits and such 



Fig. 6. — Showing variations in intimal thickening and sclerosis in radial, A; anterior 
descending branch of left coronary, B; left vertebral, C; and basilar arteries, D. Intima 
black, media wiiite, adventitia stippled, thrombus in basilar cross-hatched. Case 19. 
Patient aged 00 years. 


an intimal change seemed entirely independent of the medial con- 
dition. In these 25 cases we found 4 examples of radial calcification 
(all medial); 3 renal (1 intimal and 2 medial), 7 splenic (3 intimal 
and 4 medial), 2 cerebral (both medial), and 12 coronary (all inti- 
mal). Tliese figures are somewhat of a commentary on the type 
of arteriosclerosis found in such vessels. 

Though oiR material was rather meager, the vessels were scrutin- 
ized with respect to the relation of certain infections or other con- 
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ditions to arteriosclerotic changes. McCallumi^ finds little evi- 
dence that infections play a great part in the pathogenesis of arterio- 
sclerosis but notes that there seems to be a definite association of 
arteriosclerosis Tvith such diseases as diabetes, arteriosclerotic neph- 
ritis and cholelithiasis. Four of our cases of rheumatic infection 
showed no more radial or coronarj-^ change than found in many 
other conditions. Two of 4 cases were examples of rheumatic 
pancarditis in boys of 10 and 11. The boy of 11 had a heart 
weighing 450 gm. but even with this marked hypertrophy there 
was less coronary change than usual. The other 2 cases were 
adults with marked degrees of rheumatic mitral and aortic disease 
but radial and vascular coronary changes were in no way exceptional. 

There were 4 cases of diabetes, aged, respectively^ 37, 47, 60 and 
60. The 37-year-old case showed no more than average change 
for that age. The other 3 showed little radial change but ^'ery 
marked coronary sclerosis and 1 died of coronary disease. This 
last case showed thrombosis of the right coronary but all his coron- 
ary vessels showed extreme atherosclerosis. The patient, aged 47, 
was one of diabetes terminating with erysipelas. This case showed 
extreme atherosclerotic narrowing of the anterior descending branch 
of the left coronary artery with reduction of the lumen almost to 
complete closure; yet the patient gave no signs and was not sus- 
pected of coronary disease. Two of the diabetic cases, in which 
the renal and splenic arteries were also examined, showed in 1 case 
atherosclerosis of the renal and in the other atherosclerosis of the 
splenic with calcification of the intimal plaque. 

There were 8 cases of hypertension with marked nephrosclerosis. 
The radial changes in these were relatively slight, certainly not a 
feature. On the other hand, the coronary changes were extreme in 
5 out of 8. These findings were more significant in 4 of the cases 
in w'hich the ages were respectively 16, 22, 24 and 25 and, therefore, 
at a period in which the age factor or general atherosclerotic devel- 
opment could not be invoked to explain the sclerosis. In patients 
of 16 and 22, the ratio of intima to media was as high as 10 to 1 
and the patient at 24 shows in the illustration (Fig. 7) the striking 
contrast between radial and the various coronaries. In 8 cases of 
hypertension with only slight or moderate renal findings, the radial 
changes were slight to moderate, the latter usually in late age. 
period while the coronaries in 4 out of 8 e.xliibited e.xtreme sclerosis, 
though the age factor here had to be considered. Tliere were 6 
cases with the clinical diagnosis of coronary thrombosis. Five of 
these showed e.xtreme coronary atherosclerosis and thrombosis; 
but 1, aged 46, showed coronary thrombosis with very little arterio- 
sclerosis" of the coronary, though there was Monckeberg’s sclerosis 
of the radial. In the other 5 cases the radial showed no significant 
change except one which showed medial calcification. 

There were a number of cases, at least 11, in which there was ex- 
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treme coronary disease without the clinical diagnosis or suspicion of 
rr“:oUent. A number o^bese were 
tension with or without nephrosclerosis and 6 died of cerebral l^emo 
Aage. Two cases showed this extreme coronary arteriosclerosis ith 



Fig. 7. — Showing variations in intimal thickening and sclerosis in radial, A; right 
circumflex, B; loft circumflex, C; anterior descending branch left coronary, D; branch 
of anterior descending artery, E; posterior descending branch of right coronary, F. 
Intima black, media white, adventitia stippled. Case 82, patient aged 24 years. 

almost complete closure of the vessels but had no kidney or heart 
disease or hypertension. One, aged 32, already noted, died of acute 
leukemia; another, aged 53, died of cancer of the rectum. These 
2 patients had only the very slightest radial alteration. Two cases 

von 192, no. 6.— nECEMnEB, 1930 29 


838 SAPPINGTON, COOK: ILADIAL ARTERY CHANGES 

of toxic goiter, one 44 and one 46, show'ed moderate changes in the 
radial with an intimal-media ratio of 1 to 3, while the coronary 
vessels were only slightly altered and decidedly" under the average 
for the age. SjTphilis though present in a number of cases was so 
involved with other diseases and conditions that it could not satis- 
factorily be correlated with vascular change in the radials or 
coronaries. 

Summary. There is here presented a study of age period and 
arteriosclerotic changes in the radial artery in which a comparison 
was made bet^veen the coronary and radial vessels in the same 
patient in a series of 86 cases. As the changes in both are pre- 
dominantly intimal, a rough but satisfactory index of change was 
found in the ratio of intimal to medial thickness in the two vessels. 
The coronary intimal-medial ratio rose rapidly from 1 to 6 or 8 to 1 
to 3, 1 to 2 and 1 to 1 until in the third and fourth decades the 
intima equaled and not infrequently exceeded the media in thick- 
ness. After 45 years, and especially in the sixties, the addition of 
atherosclerotic changes raised the intimal-medial ratio still further 
to readings from 6 to 1 to 10 to 1. On the other hand, the radial 
intimal-medial ratio rose slowly to reach a- maximum between 45 
and 65 years, a maximum, however, which is minimal compared 
to coronary alterations and in which the intimal-medial ratios seldom 
ever go above 1 to 1 and are usually 1 to 3 or 4. This is due to 
the slight degree of so-called intimal physiologic' thickening, com- 
pared to the great degree that obtains in the coronaries, plus the 
fact that augmentation of intimal thickening by atherosclerotic 
plaques is practically missing in the radial while it is routinely 
found in the coronaries after 50 years. Thus the thickest radial, 
found say at 65 years, has no more change than that seen physio- 
logically in the coronary vessels at about 20 years. This inequality 
of age transitions is well illustrated in Figs. 1, 2, 3 and 4. 

A further comparison of radials with splenic and renal arteries 
in -25 cases and cerebral vessels in 7 cases showed that in many 
instances the physiologic intimal thickening was only a little more 
marked than in the radial, but that these other vessels were sub- 
ject at times to marked atherosclerotic developrriehts notably absent 
in the radial. 

Monckeberg’s medial sclerosis was present in 10% of our radials 
but was not found in any of the coronaries, though intimal calcifi- 
cation of these vessels was very common, hledial calcification, 
however, was found in corresponding splenic, renal and cerebral 
vessels along with intimal calcification of the coronaries. The 
iSIonckeberg type of sclerosis seemed entirely independent of and 
unrelated to the presence or absence of atherosclerosis, except that 
they are both commonly found after 50 years. 
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Scrutinized as to the relation of certain diseases to arteriosclerotic 
change, it was found in the small series available that cases of dia- 
betes and malignant and benign hypertension showed marked or 
extreme coronary sclerosis, while the corresponding radial was little 
affected. She cases of clinical coronary disease with typic lesions 
showed little radial change, except one which presented Moncke- 
berg’s sclerosis. Advanced coronary sclerosis was also unexpectedly 
encountered in a number of cases in which the preceding history 
and disease seemed entirely unrelated to such vascular change. 
Such ca:ses were not suspected during life of' coronary disease; 
certainly the radial artery gave no information. 

Conclusions. The present study suggests; 1. That both age 
period changes and arterioselerotic changes are maximal in the 
coronary arteries and minimal in the radial arteries and more or less 
intermediate in other vessels, such as the cerebral, splenic and renal - 
arteries. 

2. That atherosclerosis in the radial is such a rarity as to be 
negligible, 

3. That the anatomic condition of the radial artery has no 
bearing on visceral sclerosis. 
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THE RELATION OF CORONARY SCLEROSIS TO SYMPTOMS 
AND ITS DISTRIBUTION IN 242 FATAL CASES.* 

By Mario Polanco, M.S., M.D., 

ASSISTANT ATTENDING PHYSICIAN, FITZGERALD MERCY HOSPITAL, DARBY', PA. 

UPPER DARBY, PA., 

(From the Department of Pathology, University of Pennsylvania.) 

Much has been written on the subject of coronarj- disease, par- 
ticularly in the last two decades, and some excellent reYuews have 
been published recently. Yet comparatively little is available for a 
correlation of coronary arteriosclerosis and the clinical signs and 
symptoms. This paper is an attempt to correlate the pathological 
findings with the clinical picture in 242 fatal cases. 

Material. Part of the material was obtained from those autopsy proto- 
cols of the XJnh'ersity Hospital from 1926 to 1933 of which slides were 
accessible for study of the coronarj’- arteries. Only those mentioning 
sclerotic coronaries, macroscopically or microscopically, were selected. Of 
207 cases assembled, 15 were later rejected because of incompleteness, 
leaving 192 cases for study. Of the slides from the 192 cases, 99 showed 
one or more of the main subepicardial branches of the coronary arteries, 
while the remaining 93 showed only secondary subepicardial or intramyo- 
cardial branches. This constituted Series 1. To supplement this material 
a group of 50 current autopsies were more extensively studied: Series 2. 
Cases were selected only where sclerosis of the coronary arteries was present 
grossly and sections were taken of the six main superficial branches, 9 cases 
coming from the Unwersity Hospital and 41 from the Philadelphia General 
Hospital. Sections were made also of the kidney, liver, spleen, adrenal and 
pancreas, to compare arteriosclerosis in other organs with that in the coron- 
aries. Sections were taken from the Anterior Descending Branch, 1 to 3 cm. 
from its origin in the aorta ; Left Circumflex, just below the tip of the auricu- 
lar appendage; Left Marginal Branch, varied but usually where the arter}' 
Yvas thickest; Right Circumflex, 2 to 3 cm. from its origin in the aorta; 
Right Lateral Branch, as the artery curves down to take the lateral margin 
of the right ventricle; the Posterior Descending, 1 to 2 cm. from the auriculo- 
ventricular groove. After microscopic examination the sclerosis of the 
arterial wall was classified in the following code: 

1. Mild: ihtima less than f the thickness of the w’all (Fig. 1). 

2. Moderate: intima from | to as thick as the rest of the Yvall (Fig. 2). 

3. Marked: intima thicker than the rest of the w'all (Fig, 3). _ 

4. Very Marked: .intima so thick that the lumen as found in the con- 
tracted, fixed material of the microscopic section Yvas represented by a narrow 
tube or mere slit (Fig. 4). (It is recognized that during life the lumen Yvas 
undoubtedlj' much larger.) 

5. Ocebtsion: occlusion Y\ith or without canahzation. 

Analysis of Material. Age. In Series 1, there was 1 case in the 
first decade of life, 1 in the second, 10 in the third, 18 in the fourth, 
33 in the fifth, 4,3 in the six-th, 55 in the seventh, 29 in the eighth, 
and 2 in the nintli. In Series 2, there were 2 in the fourth decade, 

* This work wn-s performed in partial fulfillment of the requiremcnt.s for the Deprec 
of Master of Science (Patholopy) of the Graduate School of Arts and Sciences of the 
University of Pennsylvania. 







Fig. 4. — Vcri' marked sclerosis 
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6 in the fifth, 15 in the sixth, 12 in the seventh, and 15 in the eighth 
decade This made the combined series have 1 case in the first 
decade of life, 1 in the second, 10 in the third', 20 in the fourth, 39 
in the fifth, 58 in the sixth, 67 in the seventh, and 44 in the eighth, 

and 2 in the ninth decade. , p i 

Sex. In Series 1 there were 124 males (64.6%) and 68 females; 
in Series 2, 32 males (64%) and 18 females.^ In the two series, the 
per cent of males to females is almost identical, the combined ratio 
being 156 males (64.5%) to 86 females (35.5%). 

The degree of sclerosis in the 99 cases having a large branch of the 
coronary artery is shown in Table 1. 

Table 1.— Degree of Sclerosis in the 99 CXses Exhibiting Large Branches. 

Degree of sclerosis 1 2 3 4 , 5 

Mild Moderate Marked Very marked Occlusion 

Number of cases 18 20 29 2Q> 6 

Thus, of the 99 cases, 61 (61.6%), had marked sclerosis; 38 had 
mild to moderate; and, as will be mentioned later, 91.66% of the 
cases with cardiac pain were in the marked sclerotic group. 

Of the 50 cases studied in greater detail, the degree of sclerosis of 
the six main branches of the coronary arteries and veins is tabulated 
in Table 2. 


Table 2.— Sclerosis in Six Main Branches of CoronAry Arteries and Veins. 
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This showed, as one would expect, that the arteries were more 
sclerotic than the veins. The anterior descending branch was “very 
markedly” involved in the sclerotic process more than twice as 
rnany times (18 times) as the next most frequently involved (7 
times) which was the right circumflex. The left -circumflex was 
more uniformly “markedly” involved (38 times); but it was only 
5 times “very markedly” involved. In a “marked” to “occluded”' 
grouping, the order of frequency ran: anterior descending and left 
circumflex (each, M times), right circumflex (35 times), posterior 
descending and left lateral (each, 17 times), right lateral (14 times). 

accompanying the different branches were often found 
mildly sclerosed and a few times moderately. Those accompan:>nng 
the anterior descending branch were more frequently involved 
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(19 times) than those accompanying the lateral branch of the right 
coronar.y (2 times). 

Other organs -were studied to determine the degree of arterio- 
sclerosis present and the findings tabulated in Table 3. 


Table 3. — Sclekosis of Medium and Small Ajiteries of Other Organs of the 

SO Cases of Series 2. 
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This table showed that the arteriosclerosis was pretty well general- 
ized in the 50 cases of Series 2; but that it was present in varying 
degrees in different organs. The kidney and spleen showed marked 
arteriosclerosis comparable with the heart; it must be recalled that 
the material was selected on the basis of the existence of coronary 
sclerosis. 

The kidney and spleen were more severely affected than the liver 
as far as very marked changes were concerned. In the groups of 
“moderate” sclerosis, the distribution in the different organs was 
surprisingly uniform. This agreed with Wartman’s^ observations 
that the kidney and spleen were most frequently and severely in- 
volved; but it differed as far as generalized arteriosclerosis was 
concerned. At least, it is justifiable to say that in most cases with 
arteriosclerosis of the coronary vessels, arteriosclerosis was also 
present in vessels of other organs to a varjdng degree and most 
marked in the kidney and spleen. 

Cardiac Pain. Of special interest was the question as to whether 
a history of cardiac pain could be correlated with the presence and 
intensity of coronary sclerosis. With the realization that this 
method would include some cases of “non-coronary” pain, it was 
all the more surprising that only 15.91% of Series 1 (30 out of 192 
cases) showed pain of cardiac origin; and 14% (7 out of 50 cases) in 
Series 2 (average for the two scries was 14.95%) (Table 4). In 
Series 1, 19 were males (1 colored); in Series 2, 5 were males. Of 
the females, there were 11 in Series 1 and 2 in Series 2. This made 
a total of 24 males and 13 females, almost 2:1. 


Table 4.— Cardiac Pain According to Decades in 242 Cases. 


Scries 1 
Series 2 


20-29 30-39 40-19 

. 1 2 7 

1 


50-39 


CO-C9 

10 

3 


70-79 Total. 
3 30 


15.91 

14.00 


3 
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Of the 30 cases in Series 1 having cardiac pain, for 17 there were 
slides with large branches of the coronary arteries. Table 5 shows 
the degree of. sclerosis in the 17 cases, together with the 7 cases of 
Series 2. 

Table 5.— Degree op Sclerosis in Cases With Cardiac Pain. 

Mild. Moderate. Marked. Very marked. Occlusion. 

Series 1 . . 2 4 8 3 

.Series 2 . . 3 

Total . 2 7 8 7 

As was to be expected, most of the cases with cardiac pain (22 out 
of 24, or 91.7%) showed severe sclerosis; while only 2 had moderate 
sclerosis. No case of mild sclerosis showed pain of cardiac origin. 
In Series 2, 4 out of 7 cases with cardiac pain (57 %) were due to 
occlusion. 

Analysis of Signs and Symptoms. Clinical analysis of the signs 
and symptoms was tabulated in Tables 6, 7 and 8. Onlj’’ clinical 
symptoms referable to the heart were recorded ; and cases in which 
dyspnea or pain in the chest was present with pneumonia or in 
which the liver was found enlarged in the presence of cancer of the 
stomach, and so forth, were discarded. 


Table C.— Signs and Symptoms of Cardiac Disease in Both Series (242 Cases). 

CoBKCstivc failure. 

Riles or General- 



Precord- • 

impairment 



ized 

En- 

Number 

Palpi- iai dis- Precord- Dys- 

at bases 

Cyan- 

Edema 

edema or 

larged 

cases. 

tation. comfort, ialpain. pnea. 

of lungs. 

osis. 

of logs. 

anasarca. 

liver. 

Series 1 

. 11 b 30 61 

36 

23 • 

27 

10 

24 

Series 2 

. 1 1 7 12 

18 

4 

10 


10 

Total 

.12 6 37 73 

54 

27 

37 

10 

34 


Tadle 7. — Cardiac Physical Signs and Hemiplegia. 



Mitral 

Presys- 


Aortic 

Aortic 


Pulmon- 

Peri- 


Number 

systolic 

tolic 

Mitral 

systolic 

dias- 


ary 

cardial 

Hemi- 

cases. 

murmur 

murmur double. 

murmur 

tolic. 

Thrill. 

systolic 

friction. 

plegia. 

Series 1 

. 25 

3 

3 

8 

5 

1 

2 

3 

10 

Scries 2 

. 3 

1 

1 

4 

4 

1 


2 

5 

Total 

. 28 

4 

4 

12 

9 

3 

2 

5 

15 


Table 8.— Arrhythmias. 

Number Pulsus 
cases. Altern.'ins 

Scries 1 . . 3 

.Series 2 . 

Total .3 1 13 1 g 2 ^ 

Thus, dyspnea was by far the most frequent symptoms complained 
of, the next most frequent being precordial pain. Of the physical 
signs, those due to congestive failure were predominant: impairment 
or rales at the bases of the lungs, edema of the legs, enlarged liver 
cyanosis. Of the valvular signs, mitral systolic murmurs were found 


Gallop 

rhythm. 

1 


Auricular 

fibrilla- 

tion. 

12 

1 


Auricular 

flutter. 

1 


Extra- 

systole. 

4 

5 


bundle 

branch 

block. 

1 


bundle 

branch 

block. 

1 
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twice as frequently as any other murmurs, .aortic systolic coming 
second. Auricular fibrillation was by far the most frequent of the 
arrhythmias, with extrasystole next. 

In an analysis of the blood pressure of Series 2, the usual single 
reading on first examination had to be taken as a basis. No signifi- 
cant results became evident. Of 30 males, 12 had systolic pressures 
of more than 145 mm. Hg (average, 174; extremes, 228 and 145): 
the diastolic average for this group was 99 mm. (extremes 146 and 
70). Of the 18 men with systolic pressures under 145, the average 
was 115 (extremes of 140 and 80). The diastolic average of this 
group was 73 (range, 105 to 40). Ten of 17 females had a systolic 
pressure above 145 mm. Hg (average of 208; extremes, 300 and 160). 
Their diastolic average was 118 (extremes, 180 and 80). Females 
with systolic blood pressure under 145 showed: average systolic 
pressure, 128 (extremes 140 and 100); diastolic average, 81 (ex- 
tremes 90 and 70). It is evident that the blood pressure was decid- 
edly higher in the female group than in the male, not only as a group 
but individually. 

Correlation of Body Weight, Surface Area and Heart Weight. Diffi- 
culty was encountered in evaluating the end results, since death in 
both series was due to many difterent causes, including cases of 
malignancy with accompanying loss of weight. In a study of 1000 
normal hearts by Smith,^ the weight of the normal adult heart was 
found to be 294 gm. for males and 250 gm. for females, with a definite 
correlation between the weight of the heart and that of the body. 
The ratio was 0.43% for males and for females, 0.4%. Heart 
weight increased with body weight, both absolutely and relatively; 
but with increase of age, the heart remained the same, provided the 
body weight also was stationary. Children were not included. 

In the present study, data existed for 147 cases of Series 1 and 
40 of Series 2. There were 95 males and 52 females in the first 
series, and 25 males and 15 females in the second. The average 
ratio of heart weight to body Aveight for both sexes and both series 
was 0.7% (being 0.7% for both males and females). Of the 120 
males in the two series, the ratio of heart to body Aveight Avas normal 
(using the 0.43% of Smith), in only 3 cases (2.5%); beloAv normal 
Avere 8 (6.7%); fke loAvest being 0.25%, while 109 (90.8% of the 
cases) AA'ere higher than 0.43%, distributed as I'oIIoaa's: 


. Ratios, 

Average. 


per cent. 

per cent. 

Number cases. 

0.44 to 0.52 

0.4S 

25 

0.53 to 0.02 

0.59 

21 

0.03 to 0.72 

0.00 

17 

0.73 to 0.82 

0.74 

20 

0.83 to 0.92 

0 SO 

8 

0.93 to 1.02 

0 95 

11 

1.03 to 1.12 

1.07 

4 

1.13 to 1.22 


o 

1.23 to 1..32 

1.20 

1 
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In the two series there were 67 females whose ratio of heart weight 
to total weight was studied. In 6 cases, the ratio was lower than 
0.4% (Smith’s average normal), the lowest being 0.27%. 4 he 

great majority (91%) was above 0.4%, as follows: 


Ratios, 
per cent. 

0.41 

0.41 to 0.43 
0.44 to 0.52 
0.53 to 0.62 
0.63 to 0.72 
0.73 to 0.82 
0.83 to 0.92 
0.93 to 1.02 
1.03 to 1.12 
1.13 to 1.22 
1.23 to 1.32 
1.33 to 1.42 


Average, 
per cent. 


0.42 

0.48 

0.59 

0.66 

0.78 

0.88 

0.94 

1.07 

1.14 


1.40 


Number cases. 
2 
5 

10 

10 

10 

7 

12 

1 

3 

2 

0 

1 


Of the 242 cases of this study, the weight of the heart was avail- 
able in 227, The largest heart weighed 860 gm,, the smallest, 170 
(average 399). There were 149 males with an average weight of 
417 gm., or 123 gm. above the normal (Smith), which is an average 
42 % increase ; of these, the largest heart weighed 860 gm., the smallest, 
270 gm. There were 78 females with an average heart weight of 
387 gm., an increase of 137 gm. (55%) over normal. The largest 
was 800 gm., the smallest, 170 gm. The weights were grouped as 
follows: ♦ 


Weight (grams). 
Males. 

Under 290 . . 

290 (normal, 294) 
300 to 349 . 

350 to 399 , 

400 to 449 
450 to 499 , 

500 to 549 . 

550 to 599 
600 to 649 . 

650 to 699 . 

700 to 749 
780 

Over 800 . . 

Females. 

Under 250 
250 (normal) . 
250 to 299 . 

300 to 349 
350 to 399 , 

400 to 449 , 

450 to 499 . 

500 to 549 
600 to 649 , 

650 to 699 . 

720 , . 

780 
800 


Average, 

grams. 

246 
•290 
312 
365 
412 
454 
525 
567 
614 ’ 
650 
, 728 


828 


217 

250 

277 

313 

367 

416 

478 

517 

610 

078 


Number cases. 
21 

3 • 

25 

21 

21 

15 

16 
8 
7 ■ 

6 

2 

1 

3 


10 

3 
9 

15 

12 

12 

4 
3 
2 

5 
1 
1 
1 
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A study was made of the correlation of surface area^ heart weight 
and ratio of heart weight to body weight. This was possible in the 
cases of 116 males and 59 females, or 175 of the cases, and is tabu- 


lated below: 

Surface area in 
square meters. 

Heart weight 

Ratio, heart to 
body weight, 

Number cases. 

Males. 

in grams. 

per cent. 


1.30 

275 

0.72 

4 

1.40 to 1.59 

349 

0.71 

21 

1.60 to 1.79 

403 

0.68 

44 

1.80 to 1.99 

468 

0.65 

36 

2.00 to 2.19 

559 

0.66 

8 

2.30 

355 

0.28 

1 

Females . 

1.10 

. . . .' . 170 

0.59 

1 

1.20 to 1.39 

267 

0.71 

7 

1.40 to 1.59 

. . . ' . . 367 

0.77 

16 

1.60 to 1.79 

424 

0.59 

25 

1.80 to 1.99 

395 

0,51 

7 

2.00 

250 

0.27 

1 

2.00 

380 

0.45 

1 

2.20 

380 

0.30 

1 


These findings again disclose interesting information. Of 4 males 
with a heart weight of 275 gm. (below normal) with a surface area 
of 1.3 square meters, there is still a ratio of 0.72%, higher than the 
Smith normal (0.43%). The same holds true for 1 female whose 
heart weight was 170 gm. wdth a surface area of 1.1 square meters 
and whose ratio of heart to body weight was 0.59% (normal 0.40%). 
There was another female with a normal heart weight of 250 gm., 
but with a surface area of 2 square meters whose ratio of heart 
weight to body weight was 0.27%, much below normal. Another 
whose heart weighed 380 gm., 130 above noi-mal, but with a surface 
area of 2.2 square meters, gave a ratio of 0.36%. These last 2 cases 
recall the -work of Smith and Willius,® and their statement, “This 
discrepancy may be responsible for the apparent circulatory inade- 
quacy found in obese persons.” The remaining cases showed a 
definite increase not only of heart weight but also an increase in 
ratio of heart to body weight. 

Discussion. It is well known that changes in the coronary 
arteries start shortly after birth, consisting of splitting of the 
lamella elastica interna with the appearance of muscle elements 
between the two layers. It has also been shown'* that these are the 
beginning of a series of changes that take, place as the normal, 
healthy individual advances in years. This tendency, starting very 
early towards definite changes in the components of the vessel 
wall, makes it difficult at times to decide' where the process ceases 
to be normal and becomes pathologic. However, since coronary 
arteries with normal intimal changes and with mild arteriosclerosis 
are comparatively free of clinical symptoms, this differentiation is 
not of great practical moment. This statement cannot be made too 
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lirrLtlv since an apparentlv normal vessel may have enough sclerotic 
ef“gf“o peSLg oAhe smnll branches to give defimte symp- 

^°Tn this series, 22 of the 24 cases complaining of pain referable to 
the heart shelved marked sclerosis and only 2 shoved- moderate 
sclerosis. None with mild sclerosis gave any history of pam. ith 
these findings, one certainly is more inclined to believe with button 
that cardiac pain is closely related to the anoxemia of ischemia ot 
the heart muscle. It is not clear whether this is brought about by 
greater rigidity of the vessel wall only or by narrowing of the lumen 
as well. When vessels are injected at normal pressure immediately 
postmortem with hardening material, it is found that even in cases 
of sclerosis, the lumen'may not be encroached upon.^ 

The general icnowledge that arteriosclerosis of the coronary arter- 
ies seems to be more prevalent in males than in females is brought 
out in this study, where 64.5% were males and 35.5% females. It 
also confirms the known fact that the anterior descending branch 
of the left coronary is more involved in the process than other 
branches. Of more unexpected interest was the finding that in this 
series the left circumflex was more uniformly “markedly” involved 
(33 times) than any other artery. 

Of the clinical signs and symptoms, next to dyspnea pain was the 
most frequent symptom complained of. Signs of congestive heart 
failure predominated. Of the arrhythmias, next to auricular fibrilla- 
tion, extrasystoles were the most frequent. One wonders whether 
they might not be produced in many cases by irritating foci, the 
result of arterioslerosis of small branches, such as found by Sutton 
and Brandes^ on careful histologic study. Mitral systolic murmur, 
the most frequently found murmur, was probably due in most cases 
to dilatation of the mitral ring. 

These clinical findings agree with those recently published by 
Fahrs in his study of hypertensive hearts. However, the similarity 
may be due to the fact that 90% of hypertensive hearts show decided 
evidence of coronary sclerosis. This brings one to the consideration 
of the relation of heart weight to body weight. The heart weight 
was relatively increased in the great majority of both males (90.8%) 
and females (91.3%), This increase of ratio was not due in all of the 
90+% of the cases to an increase in the mass of the heart, since many 
were afflicted with chronic diseases, such as cancer, with an accom- 
panying loss of weight. However, study of the actual weight of the 
Heart m 233 cases showed that only 16.1% of the males had hearts 
nliose iTCights were normal or below; and 83.9% had decidedly 
increased heart weights; only 16.7% of the females had normal or 
lower heart weight, and 83.3% were above normal. These males 
an almost identical per cent of increased' mass, so 
that one may conclude that m the great majority of hearts with 
arteriosclerotic changes in the coronaries, there is an increase in the 
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mass of the heart. It is probably due to an increase in the arterial 
pressure in the pulmonary or systemic circulation, or in both. Un- 
fortunately, the blood pressure readings in these cases are of little 
value, as many were taken in stages of decompensation and do not 
throw light on a study of this nature. 

Conclusion. Study was made of 242 consecutive cases with hearts 
whose coronary arteries were found postmortem to be sclerotic. 
There were 156 males (64.5%) and 86 females (.35.5%). 

History of pain of cardiac origin was given in 14.9% of the cases, 
of which 24 were males and 13 females; 91.7% of these were asso- 
ciated with marked sclerosis and 8.3% with moderate sclerosis. No 
cases with mild sclerosis gave a history of pain. 

Dyspnea and cardiac pain were the symptoms most frequently 
encountered. Signs of congestive heart failure were also predomi- 
nant; of the arrhythmias, auricular fibrillation was the most com- 
mon, and extrasystole frequent. 

The anterior descending branch of the left coronary artery was 
the most frequent to be "markedly” involved in the sclerotic process 
(18 times). 

Of arteriosclerosis in other organs, the kidneys and spleen were 
more markedly attacked. Other organs were involved in varying 
degrees, showing that visceral arteriosclerosis tends to be generalized, 
although usually affecting the vessels of some organs more than 
others. 

The ratio of heart weight to body weight was found to be increased 
in 90.8% of the males and 91.3% of the females. The average heart 
weight in 149 males was 417 gm. or 123 gm. (42%) above normal. 
Of these, 84% weighed more than normal. Of 78 females, the aver- 
age weight was 387 gm., or 137 gm. (55%) above normal, 83.3% 
showed definite increase of heart weight. 

I want to thank Dr. E. B, Krumbhaar lor frequent and useful sURgeations during 
the course of this work; also Dr. J. H. Clarke for permission to use the material from 
the Philadelphia General Hospital. 
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ADEQUATE DOSAGE .IN THE SPECIFIC SERUM TREATMENT 
OF PNEUMOCOCCUS TYPE I PNEUMONIA.* 

By Maxwell Finland, M.D., 

INSTRUCTOR AND FRANCIS 'WELD PEABODY FELLOW IN MEDICINE, HARVARD MEDICAL 
school; ASSISTANT PHYSICIAN, THORNDIKE MEMORIAL LABORATORY, 

BOSTON CITY HOSPITAL, BOSTON, MASS. 

(From the Thorndike Memorial Laboratory, Second and Fourth Medical Services 
(Harvard), Boston City Hospital and the Department of Medicine, 

Harvard Medical School.) 

With the recognition of the beneficial effects of specific antiserum 
in the treatment of pneumococcus Type I pneumonia and the great 
increase in the use of this serum since it became available in the 
concentrated form, it becomes desirable to attempt a definition of 
the effective dose of this important therapeutie agent. The obstacles 
which have confronted the various workers in their recent attempts 
to arrive at uniform standards for measuring the potency of anti- 
pneumococcic sera^“^ have made it difficult to interpret the dosage 
recommended by most writers.®”® The realization of these diffi- 
culties has resulted in the adoption of values for the units of anti- 
body in Types I and II antipneumococcus sera which are defined 
in terms of an acceptable standard serum.'*-® The use of this 
standard serum coupled with the adoption of uniform methods of 
titration tends to fix the value of the unit within fairly narrow 
limits. It is desirable to know the effective dose of serum expressed 
in terms of such standardized units. For that purpose, the experi- 
ences with antibody treatment of the Type I cases at this hospital 
are here reviewed. The data with regard to the cases of pneumo- 
coccus Type II pneumonia are discussed elsewhere.*® 

Clinical Material and Serum Used. The data to be presented are 
based on a series of 219 cases of pneumococcus Type I pneumonia 
treated with serum on the medical wards (which admit only patients 
over 12 years) between November, 1929, and May, 1935, inclusive. 
The sera used were concentrated and supplied by Dr. L. D. Felton 
of the Department of Preventive Medicine and Hygiene, Harvard 
Medical School, and by Drs. B. 'White, E. S. Robinson, and L. A. 
Barnes, of the Massachusetts Department of Public -Health. We 
are further indebted to Drs. L. D. Felton and L. A. Barnes for data 
regarding the titrations of the various lots of serum used, including 
the standards with which they -were compared. These data permitted 
a revaluation of the dose of antibody used in each patient to make 
it comparable with the definition of the unit now in use, namely, 
the protective action of 1/300 cc. of the National Institute of 
Health’s standard serum Pll. The lots of serum used varied in 

u *** » erant given in-honor of Francis Weld Peabodv 

by the Ella .Sachs Plotz Foundation. V^aooay 
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potency from 600 to 5000 units per cc., the amounts used in each 
patient varying from 5 to 340 cc., or from 4000 to 1,700,000 units. 

The gross death rate in all the cases receiving serum, regardless 
of amount or time of administration, was 18%, as compared with 
39% deaths among 290 contemporaneous cases diagnosed pneumo- 
coccus Type I pneumonia during life but, for various reasons, not 
treated with serum (Table 1). The average amounts of serum used 
for each case are also shown in this table. The death rate, incidence 
of bacteremia, and average amounts of antibody are shown for 
each year in Table 2. It is apparent that these factors alone do 
not fully explain the differences in results observed from year to 
year. 

Table 1. — Death Rates in Pnetimococcus Type I Pneumonia and Avebage 
Amounts op Antibody Gin’en. 

(Boston City Hospital, November, 1929, through May, 1935.) 

Non^serum treated. Treated vrith TiTie I concentrated antibody. 

Average amount 



X^um- 


Per 

antibodies. 

Num- 


Per 

Blood culture. 

ber. 

Died. 

cent. 

Volume 

(cc.). 

Units 
(X 1000). 

ber. 

Died. 

cent. 

Positive . 

. 100 

81 

81 

116 

202 

69 

25 

36 

Negative . 

. 129 

24 

19 

85 

123 

123 

16 

12 

Not done . 

. 60 

8 

13 

74 

112 

27 

0 

0. 

All cases . 

. 289 

113 

39 

94 

147 

219 

40 

18 


Table 2, — Annual Death Rates, Incidence of Bacteremia, and Average 
Amounts of Antibody Given Each Year in Cases of 
P.VEu.Mococcus Type 1 Pneumonia. 


Kon^serum treated. Treated with concentrated antibody. 


Average amount 
of antibody per 
patient. 


Per cent of cases 
with positive 
blobd cultures. 
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1929-30 . 

. 49 

18 

37 
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1930-31 . 

. 39 

12 

31 

138 

1931-32 . 

. 30 

9 

30 

09 

1932-33 . 

. 48 

20 

42 

93 

1933-34 . 

. 55 

26 

47 

80 

1934-35 . 

. OS 

28 

41 

06 

1929-35 . 

. 289 

113 

39 

94 
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u 
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.2 
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o 
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i* ^ 
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32 

7 

22 

37 

20 

242 

39 

9 

23 

45 

54 

77 

20 

2 

8 

47 

42 

135 

34 

5 

15 

51 

33 

101 

42 

G 

14 

39 

18 

102 

46 

11 

24 

45 

40 

— 
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147 

219 

40 

18 

44 

37 


During the period when these patients were treated, various 
criteria were used to determine the initial dose of serum prescribed 
for each patient.^-”’*- In general, this dose was based on volume, 
without due regard to antibody content, and was given in 2 to 5 
intravenous injections at intervals of 2 hours. In order to mini- 
mize the occurrence of untoward reactions, a small initial injection 
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(usually 5 cc.) was given and tins was followed by increasing amounts 
up to 40 or 50 cc. In patients wbo were not adequately improved, 
further doses were usually given after a lapse of 12 hours or more, 
the amount and frequency being gauged by the response to the 
earlier injections. In other patients, who seemed- sufficiently im- 
proved before the time set for the final injections, the treatment 
was discontinued. It was usually intended to give serum only to 
patients in whom the first injection could be made within 96 hours 
of the onset of the pneumonia. A number of cases, however, were 
treated later in the disease due to a variety of circumstances. 

In order to' draw any conclusions with regard to the range of 
dosage which was therapeutically effective without being unduly 
redundant, it was necessary to analyze the effects of serum in these 
cases with respect to: (1) The day of illness when serum was first 
given; (2) the results of the blood cultures taken before treatment 
was begun; and (3) the efficacy of various amounts of antibody. 
Cases were considered therapeutic failures if the outcome was fatal 
or if crisis or l.ysis occurred later than the second day after serum 
treatment was begun. These therapeutic failures will be reviewed, 
in turn, in an attempt to determine to what extent factors, other 
than inadequate amounts of serum, were operating against the full 
efficacy of the specific antibody. 

Iviportance of the Day of the Disease When Treatment is Begun. 
There are differences of opinion among physicians experienced in 
the serum therapy of pneumococcus Type I pneumonia with regard 
to the efficacy of this form of treatment when it is begun late in 
the disease. This lack of unanimity is found in the discussions 
regarding the use of both the unconcentrated^-^® and the concen- 
trated serums.'''®'^'* The comparatively less striking effects on the 
death rates and the difficulty of interpreting the clinical results 
when treatment is instituted late in the disease has led recent work- 
ers conducting large scale therapeutic- experiments in this country^® 
and in Great Britain^® to limit this therapy, somewhat arbitrarily, 
to patients in whom it can be instituted within the first 4 or 5 days 
of the disease. 

The numbers of cases treated on different days are' listed in 
Table 3 according to the daj’’ when antibody was first given. Day 1 
represents the calendar day of the initial chill or chest pain, which- 
ever occurred first. Almost all of the cases listed as treated on the 
fifth day received their first injection of serum within 12 hours of 
the 96-hour period usually designated, as the limit for treatment. 
It is- to be kept in mind that, although the total number of cases 
seems adequate, the numbers become quite small when subdivided 
into the various categories, under, consideration. Any deductions 
made, therefore, are subject to this reservation and are necessarilv 
based only on the general trend of the results. 
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Table 3. — Intlebncb or the Duration op the Disease at the Time Antibody 
IS First Administered on the Outcome in Cases op 
Pneumococcus Type I Pneumonia. 


Blood culture positive. Blood culture sterile or not done. 


Day 

treatment 

p 

- 


Recovered.* 

00 

O 



Recovered.* 

a 














.2 

By crisis or 


O 


u 



begun. 

u 

o 

*2 

"3 

C 

o 

a 

lysis within. 

3 or 

a 

e 

o 

>i 

a 

o 

b 

o 

'3 

•*» 

a 

u 

lysis ■within. 

3 or 

c; 

B 

V 

>» 


3 




more 



o 

u 

2 

more 

p 


'A 

■5 

Ph 

* daj’s. 

days. 

H 


o 

s 

days. 

days. 

w 

First or 













second . 

5 

1 

20 

3 

1 

0 

14 

1 

7 

9 

4 

1 

Third . . 

16 

5 

31 

9 

2 

1 

34 

2 

6 

•31 

1 

0 

Fourth 

16 

5 

31 

5 

6 

2 

47 

3 

6 

39 

5 

0 

Fifth . 

12 

3 

25 

5 

4 

6 

25 

2 

8 

18 

5 

0 

Sixth . 

Seventh or 

6 

3 

50 

3 

0 

1 

15 

3 

20 

10 

2 

2 

later 

14 

S 

57 

2 

4 

0 

15 

4 

27 

7 

4 

2 

Fifth day or 
earlier . 
Sixth day or 

49 

14 

29 

22 

13 

9 

120 

8 

7 

97 

15 

1 

later 

20 

11 

oo 

5 

4 

1 

30 

7 

23 

17 

6 

4 


* Cases empyema are listed t^ice. Where the date of termination of the pneumonia 
was indefinite, the cases arc listed as haWng recovered 3 or more days after treatment. 


With respect to death rates, these cases divide themselves sharply 
into those treated on the fifth day or earlier and those treated on 
or after the sixth day. The death rates were essentially the same 
among the cases treated on each of the first 5 days of the disease. 
There was a sharp increase in the death rate when treatment was 
begun on the 6th day and a further increase among those treated 
still later. There was a much greater percentage of deaths among 
the cases with positive blood cultures, but the influence of the time 
factor on the death rate was similar in the bacteremic and in the 
non-bacteremic cases.* 

The recovered cases are also of interest. In 97 (87%) of the 
112 non-bacteremic patients who were treated on or before the 
5th day and recovered, the disease terminated crisis or lysis 
within 2 days after the first injection of serum. In fact, only 16 
of these 97 cases still had fever and elevated pulse rate on the 2d day 
after the onset of this therapy. Among the 35 bacteremic patients 
who were treated on or before the 5th day and recovered, 22 (63%) 
recovered by crisis or lysis within the first 2 days after receiving 
serum; 18 of these recovered completely and 4 later developed 
empyema. Among the cases treated late in the disease, that is, 
on or after the 6th day, a smaller proportion exhibited a prompt 
recovery which could be reasonably attributed to serum. 

The results in these cases indicate that treatment may be equally 
efiective as a life-saving measure in cases of pneumococcus Type I 

* The 27 ca.scs in which blood cultures were not made, 0 of which were treated 
after the fifth day. are Kroupod, for the sake of convenience and brevity, together 
with the cases having sterile blood cultures, since the results in all these cases were 
veiy similar (see Table 1). They arc here referred to as "non-bacteremic” cases. 
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pneumonia if begun any time within the first 5 days of the disease. 
It is difficult to evaluate the results of treatment begun later than 
the 5th day, due to the increasing number of spontaneous recoveries 
occurring on or after the 6th daj'^. It would seem, however, that 
late treatment,- particularly^ if begun on the 6th day, resulted in a 
lower death rate in bacteremic cases and brought about a more 
rapid termination of the disease in the recovered non-bacteremic 
cases. 

Empyema occurred in only 1 of the 112 recovered non-bacteremic 
cases, in winch treatment was begun on or before the 5th day, an 
incidence of less than 1%, whereas 4 (17%) of the 23 recovered 
non-bacteremic cases that were treated on , the 6th day or later 
developed this complication. Among the 35 recovered bacteremic 
cases who were treated on or before the 5th day, empymma devel- 
oped in 9 (26%). Up to the 5th day, there was a steady increase 
in the incidence of empyema proportional to the delay in treatment. 

It would appear, therefore, that the administration of antibody^ 
almost eliminates the possibility of empyema developing in the 
non-bacteremic cases, if this treatment is begun on or before the 
5th day. It tends to reduce the incidence of this complication 
■ appreciably in bacteremic cases if begun on or before the 3d day. 


Table 4.— Efficacy of Different Amounts of Specific Antibody in the 
Treatment of Pneumococcus Type I Pneumonia. 


Blood 

culture. 

1 

Units of antibody. 

Treatment begun on or before 
the fifth day. 

Treatment begun after the 
fifth day. 


Unit = 1/200 CO. 
of standard scruin 
[ F140, or 11300 cc. 
of standard serum 
Pll. 

Number of cases. 

Died. 

j Recovered.* 

Number of cases. 

. 

Died. 

Per cent died. 

Recovered.* 

Per cent died. 

By crisis or 
lysis within. 

Empyema. 

By crisis or 
lysis within. 

Empyema. 

2 

days. 

3 or 
more 
days. 

2 

■days. 

3 or 
more 
i days. 

1 ' 


75,000 or less 

12 

t 

i 5 

1 

42 i 

6 

1 

1 

5 

4 

80 

1 

0 i 

0 

Positive 

76,000 to 160,000 

16 

! 5 

31 

6 

5 

2 

4 

2 

50 

2 

0 

0 


151,000 or more 

21 

i 4 

19 

10 

7 ' 

6 

1 

r, 

j 45 

1 

5 

1 


50,000 or less 

20 


0 

16 

4 

0 







Negative 

51,000 to 75,000 

31 

! 3 

10 

24 

4 

1 

W s 

3 

* 50 

3 

0 

1 

or 

76,000 to 100,000 

12 

1 1 

8 

11 

0 

0 

l\ 






not done 

101,000 to 150,000 

35 

i 1 

3 

31 

3 

0 


1 

1 8 

7 

5 

2 


151,000 or more 

22 

1 Q 
! 

14 

15 

4 

0 

11 

3 

{ 

' 27 

7 

1 

1 


* See footnote, Table 3. 


Relative Efficacy of VarioKs Amounts of Antibody (Table 4). 
Among the non-bacteremic cases treated on or before the 5th da.y 
there was no correlation between the death rate and the number 
of units of antibody administered. Likewise, in 80% or more of 
the recovered cases of this group, the disease terminated by crisis 
or lysis within 2 days after treatment was begun regardless of 
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wlietlier the dose was large or small. After the 6th day of the 
disease, however, the larger amounts of serum seemed to influence 
the disease more favorably than the smaller doses. 

There was a smaller proportion of deaths among the bacteremic 
cases who received the larger amounts of serum'. Empyema, 
however, was more frequent in those that recovered, when the larger 
doses were used. This may be accounted for, at least in part, by 
the fact that serum therapy was continued in such cases due to the 
persistence of fever and sj^mptoms. 

The distribution of cases and deaths according to the amounts 
of antibody given at different stages of the disease is shonm roughly 
in Table 5. Larger doses were used more frequently in cases where 
the treatment was begun late in the disease. These large doses 
were more efi'ective in saving life, however, in the cases where they 
were used earlJ^ 


Table 5. — Disthibetion of Cases and Deaths According to the Total Amount 
OF Antibody Given and the Day of Illness When Treatment Was Begun. 

Blood culture positive. Blood culture sterile or pot done. 


Time treatment 
begun. 

75,000 

units 

76.000 
to 

150.000 

151,000 

units 

or 

Total. 

75.000 

units 

76.000 
to 

150.000 

151,000 

units 

or 

Total. 


or less 
2* 

units. 

2 

more. 

2 

0 

or less. 

1 

units. 

1 

more. 

1 

3 

Third day or before 

5 

9 

7 

21 

20 

IS 

10 

48 


S 

.3 

2 

S 

3 

1 

2 

6 

Fourth or fifth day 

7 

7 

14 

2S 

32 

2S 

12 

72 


4 

2 

0 

11 

3 

1 

3 

7 

Sixth daj’ 

5 

4 

11 

20 

0 

12 

12 

30 


9 

7 

9 

25 

7 

3 

6 

16 

Total .... 

17 

20 

32 

09 

58 

58 

34 

150 


* The superscripts represent the number of deaths. 


In order to arrive at any reasonable conclusion with regard to 
what is the optimum dose of antibody, it is necessary further to 
determine for the individual cases; (1) ^^’hethe^ insufficient dosage 
could account for the therapeutic failures; (2) whether other factors 
were operative which could account for the poor responses; and 
(3) to what extent the larger doses could be considered redundant. 
It may suffice to consider, in some detail, only those cases which 
might be considered therapeutic failures. Almost all of the cases 
in which crisis or lysis took place within 2 days received only the 
dose originally prescribed for them on the basis of volume. The 
larger doses used in these cases resulted from the fact that more 
potent lots of serum were available at the time and, therefore, such 
doses may have been redundant. In the cases that died after a 
lapse of 2 or more days and in those cases in which the crisis or 
lysis was delayed for more than 2 days, additional antibody was 
usually givcn,'but with no regularity. In a few of the cases the 



FINLAND: TREATMENT OF PNEUMOCOCCUS TYPE I PNEUMONIA 855 

doses were regulated on the basis of the absence of agglutinins in 
the bloodd^/ The essential features of the fatal cases and those 
with delayed crisis are summarized in Tables 6, 7 and 8, 

Poor Responses Among Non-bacteremic Cases in Which Serum 
Treatment Was Begun On or B^ore the Fifth Day (Table 6). 

There were 14 cases among the 23 of this group in which a total of 
75,000 units or more of antibody was given. Four of these cases had defi- 
nite complications which were dia^osed and which could adequately explain 
the fatal outcome or the delayed improvement, namely, hemolytic strepto- 
coccic infections of the respiratory tract in Cases 2 and 5, an infected abor- 
tion in Case 23 and cardiac failure with auricular fibrillation in Case 22. 
There were 2 further instances, Cases 3 and 19, in which the difficulty and 
irregularity with which the Type I pneumococci were found suggested 
that some other cause or infecting agent was operative, but was not identi- 
fied. In these 2 cases it is likely that the Type I pneumococcus infection, 
if present before serum treatment was begun, may not have been an impor- 
tant factor in the latter part of the illness. 

Four cases in which the larger doses were used had either an entire lung 
consolidated (Cases 4 and 15) or bilateral lung involvement (Cases 16 and 
18) at the time that serum treatment was instituted. Together with 
Case 11, in which 72,000 units were given, and Cases 7 and 23, which are 
also mentioned in other connections, these were the only cases in the group 
under consideration in which such extensive involvement was noted before 
serum treatment. Even 120,000 units were still inadequate in such cases, 
as judged from the results in Cases 4, 16 and 18, 

In Cases 12 and 21, the initial dose of 104,000 and 96,000 units, respec- 
tively, was followed, in each instance, by what appeared to be a crisis. On 
the second day following this improvement there was a recurrence of fever 
without respiratory distress, toxemia or appreciable elevation of the pulse 
rate. Additional amounts of antibody were given in these cases because 
the temperature rose to_ 101° F., and the fever subsided promptly there- 
after. In the 2 remaining instances in which 75,000 units or more were 
used (Cases 7 and 17) this dose was spread over 2 or more days. 

In the 9 remaining cases,_less than 75,000 units of Type I antibody were 
used. Except for Case 8, in which the date of onset may be questioned, 
the poor response in these cases may reasonably be ascribed to insufficient 
dosage or to doses spread over intervals that were too long. In CaseTl, 
already mentioned, the extent of lung involvement was an additional factor 
in the poor response. 

It thus appears that in non-bacteremic cases in which treatment 
is begun on or before the 5th day of illness doses in excess of 75,000 
units are necessary only when the pulmonary lesion has extended 
beyond the confines of one lobe at the time of the first injection. 
When larger amounts w^ere used in cases with a single lobe involved, 
the additional antibody probably served no useful purpose. These 
further amounts were occasioned by the failure to observe a clinical 
crisis because of: (1) The presence or probable presence of other 
infections; (2) the occurrence of slight fever similar to that observed 
after spontaneous crisis; or (3) the spread of dosage over 2 or more 
days. 

Doses of less than 75,000 units are probably adequate in many non- 
bacteremic cases treated early, as can be seen from Table 4. In 
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TAB1.B 6.— Non-bacteremic Cases op Pneumococcus Type I Pneumonia Showing 
Poor Response to Serum Treatment Begun On or 
Before Fifth Day' of Ileness. 


Day of disease. 


Case, 

• I 2 

^ i pS 

tc '5 

< i >3 

i - 

2 

3 

4 

i ® 

6 

1 

: 7 

8 

i 9 i 10 , 11 

Remarks. 

1 

27 Ir! 

55 

0 

0 


0 

L 

- 


.. ' E ! 



1 


23 

20 

10 







2 

21 iRu 

112 

0 







■ L 

Onset after sore throat; spu- 


' 


112 



1 





turn = S.H. and no Pn after 












3d day; otitis media = S.H. 


43 IrI 

16S 

0 



|P.sC 


1 - • 


■ 0 i .. L 

Ext. Ru; small hemoptyses; 


] 


120 

4S 


t 





rare I in sputum; cultures 











; 

unsatisfactor>’. 

4 

51 , Lul - 

240 

0 


0 

L 


, ' 


! t 





120 


120 





' i 


5 

59 IR) 

230 

0 

0 


D 





Sputum 4th day = S.H. (no 



230 








Pn). 

6 

21 'Rl 

40 


0 




C 


i ; 

Asthma and bronchitis. 


1 



20 

20 





1 


7 

57 ! Uml 

90 

.. 

0 



0 

D.O 


.. 'Ext. LI: bilateral effusion and 


1 



45 

30 


15 



: i 

pulmonarj’ tuberculosis at 

S i 44 ' HI 

54 

.. 

0,D 






1 

Moribund: delirium tremens; 


1 



54 






i 

historx* unreliable; died in 









1 


1 

4 hours. 

9 

22 |L1 

33 



0 


0 



.. '..’Ll 



1 




35 



i ' 




10 

40 i LI 

55 

.. 

0 



0 

' 0 , 

O.L 

Subcutaneous abscesses dur- 


1 




25 

10 

10 

i 10 



in? convalescence. 

It 

26 jLul 

72 



0 



1 L i 


.. .. ; .. 

Rheumatic heart disease. 






48 



24 . 




12 

40 }U 

132 



0 

PsC 


C 


. . Fever ^sithout symptoms on 






104 


48 




Cth dav. 

13 

33 1 LI 

48 


0 


0 

PsC 


0 

C 15th day t Onset with atelectasis 1 day 


! 




24 

24 




' ■ 1 

postpartum; Ext. Lu; ster- 












ilc pleural effusion. 

14 

57 [LI 

57 



0 


0 



D .. ,, 

Lun? culture 7th day ** I, 

IS 

75 * Rutnl 

75 


0 



L? 


D 

15tb ' day 1 


IG 

23 j RlLl 

120 

. • 


0 

D 




' ' ' 

Jaundice (iet. index = 25); 






120 



1 


t 

died in 12 hours. 

17 

22 LI 

75 




0 



L 

) 








45 

3i> 





IS 

25 i iimlLl 

113 



0 

0,0 




.. L . : 

Acute alcoholism; Ext. Ru. 


f 





113 






19 

3G :ri 

834 


0 

0 



0 


O.L . . 

Menindsmus; Pn I obtained 







273 

300 

<0 


180 ' 

irregularly. 

20. 

40 ! R1 

27 




0 



C 

1 1 








14 

13 



1 1 


21 

36 ' LI 

144 





PeC 


C 


No blood cultures. 







96 


4S 


i 


22 

76 , 111 

ICO 




0 

D 




Auricular fibrillation; died in 


1 





120 

40 




21 hours. 

23 

30 1 Hum 

195 




0 



• 

• D ; 

Blood cultures: 8th day = 


; 





to 

CO 

30 

30 

f 

M. tetragenus; 10th day 


= .Staph, aihus; al»rtion of 
5-nionth fcliLS on Sth day. 


ExPLAN.mo.v OF Tables C, 7 and 8. 

Lohcn = Lunc involved at time treatment begun: Ru = right upper lobe, Rml = 
right middle and lower lobes; Lul = left upper and lower lobes, etc. 

Units = Total amount of antibody in thousands (unit = 1/.300 cc. standard serum 
Pll or 1/200 cc. standard serum F14G). 

Day oj Disease = For each case: upper line gives the result of blood cultures and 
the termination of disease; lower line gives amount of antibody in thousands of 
units. O = sterile; I = positive for pneumococcus Type 1; C = crisis; L = lysis; 
D = died; E = empyema; PsC = pseudoerisis. 

Other abbromations: Pn = pneumocoecus (type indicated by Roman numeral): 
.S.H. = hemolytic streptococcus; P.M. = postmortem; Ext. = extension of pul- 
monary process: B.M.C. = Bacillus mucosus capsulatus. 



FINLAND; TREATMENT OF PNEUMOCOCCUS TYPE I PNEUMONIA 857 


many instances,. however, these small total' doses prove inadequate 
to produce a rapid and complete response, particularly when they 
are given over a period of 2 or more days. It seems reasonable, 
therefore, to deduce that a total dose of 75,000 units is adequate 
without being redundant if; (1) It is given within a period of a 
few hours; (2) the treatment is begun on or before the 5th day; (3) 
the blood culture is sterile before the first injection of serum; and 
(4) the pulmonar5'^ process has not extended contralaterally or to 
involve an entire lung. When the pulmonary lesion has spread, 
doses of 150,000 units or more may be necessary and need to be 
given within a short period to obtain the greatest benefit. Wdien 
these conditions are fulfilled and crisis is delayed for more than 
2 days, other causes should be sought to explain the persistence of 
fever and symptoms. 

' Poor Responses Among Bacteremic Cases in Which Antibody Was 
Given On or Before the Fifth Day (Table 7) . It is reasonable to expect 
that the presence of bacteremia should necessitate the use of large 
amounts of antibody to bring about an adequate therapeutic 
response. It is in such patients that Cole demonstrated that the 
blood serum is capable of neutralizing the protective antibody in 
antiprieumococcus serum.^'^ It should be kept in mind that, for 
purposes of gauging dosage, the blood culture should be taken just 
before the first dose of antibody is given. The presence of- bac- 
teremia may be missed; • (1) If one relies on the results of culture 
taken 1 or more days previously, as illustrated in Cases 27, 29, 
31, 37 and 42; or (2) if one depends on the results of cultures taken 
after some injections of antibody, as in Cases 30, 31 and 45; or 
(3) after some non-specific injections^® have already been given, 
as in Case 37. In patients with low-grade bacteremia, sterile 
blood cultures can be obtained for several hours after the intra- 
venous injections of hypertonic glucose or other solutions.^® Fur- 
thermore, the amount of antibody necessary to render 'the blood 
stream of bacteremic cases of Type I pneumonia free of pneumo- 
cocci varies widely. Tins can be accomplished with less than 30,000 
units, as in Cases 30, 31 and 34, or it may require much larger 
doses, as in Case 46. In some instances, repeated injections of 
25,000 to 100,000 units per day, or even huge doses of over half a 
million units, may fail to accomplish this result, as noted in Cases 25 
and 40, respectively. 


Among the 27 bacteremic cases under consideration who died or failed 
to improve promptly after treatment with antibody, 12 received 150,000 
units or more. In 7 of these, more than 1 lobe was im^olved, including: 
4 m_ which the dose was spread over 2 or more days, less than 100,000 units 
hawng been given during the first day of treatment (Cases 35, 36, 45 and 
presence of empyema may have obscured the beneficial 
effects of serimi (Case 39) ; 1 that was complicated by the occurrence of a 
miscarriage (Case 41); and another (Case 37) complicated by the develop- 
ment of a septic parotitis. In the 5 remaining cases in which the large 
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amounts of antibody were used, the dose was spread over a period of 
2 or more days in 2 instances (Cases 25 and 33) ; recovery was obscured by 
the presence of empyema in 1 (Case 28); and in the 4th (Case 29) there 
was apparently no improvement in the T 3 rpe I pneumococcic infection 
and, in addition, there were complicating urinary and intestinal infections 
and a mixed infection with Friedlander’s bacillus in the lungs. In Case 40, 
the bacteremia was uninfluenced by 915,000 units given over a period of 

Table 7. — Bacteremio Cases op Pneumococcus Type I Pneumonia Showing 
A Poor Response to Treatment With Serum Begun on or Before 
THE Fifth Day of Illness. 







< 



Day of disease. 





' 



rA 

.A 



























o 

b£ 

< 

s 


1 

2 

3 

4 

5 I 6 

7 

S 

1 * 

10 

11 


21 

45 

R1 

112 


I 


0 

. . ' O.C 



' 









40 

72 





i 




25 

44 

R1 

33G 


I 

I'sC 

I 

I 

1.1 

D,1 

1 . 



' .\cute alcoholism; liver cir- 






24 

72 

4S 

96 , 48 , 

48 




■ rhosis; Ext. RuLl. 

2G 

50 

Rml 

135 



I 


.. ;O.L 

0 





Jaundice (ict. index = 50). 







75 

30 

30 L 






27 

35 

R1 i 147 

0 


I 


0 1 L 






Pregnant 5 months. 







60 

87 








2S 

32 

R1 

210 


I 

I 

0,0 

0 ; 0 


E 











161 

55 








29 

74 

Lu 

165 

0 


1 


. . 

I 

D 




P.M.: pyelonephritis; coli- 







33 

132 




t 



i tis; B.M.C. and I from 
! lung culture. 

30 

34 

R1 

55 


I 

0* 

0 

0. .. 


0 



D 

•After initial dose of scrum. 







35 

20 







1 

31 

30 

III 

65 


0 

I 

0 

0 : 0 

0,L 

0 

D20th 

day B.C. « S.H. on I7th day; 


' 





25 

30 

10 





1 empyema = S.H.; P.M.: 
heart’s blood = S.H. 


32 

43 iUmLul 

144 



I 


D O 













72 

72 








33 

26 

LI 

150 



I 


D.' .. 






: Leukopenia (W.B.C. 







90 

60 

’ 






1750) before death. 

34 

19 

Ru 

GO 




1 

o'... 

^ • 

C 












12 

21 24 







35 

27 

Rum 

170 




I 

.. . 0 : 

L 













73 

95 






Delirium tremens. 

36 

36 

Rum 

ISO 




I 

1 

C 












42 

96 : 48 







37 

32 

Ruml 

1700 


I 

0 

1 

0,0 1 0 
425 ; 350 

L ! 





Nonspecific scrum, 70 cc. 








630 

275 ; 





on 2d day: parotitis lOth 
, day. 

3S 

42 

R1 

105 



I 

I,I 

1.0 1 0 . 

0 


L 


E 








25 

30 1 20 

10 

20 




Empyema I first, later S.H. 

39 

20 

Rml 

308 



I 


0 0. 

0 



L 

E 








I2S 

48 ' 

48 ' 

48 

90 



40 

34 

LI 

915 



I 

i.i.i 

l.D 1 1 

.. 1 


. . 



674 colonies per cc. before 









360 ; 






Ecrum; P.^I.; empyema, 









\ : 

' 





resolving^ and organizing 
pneumonia, left; early Ru. 

41 

30 

Iluml 

162 




I 

O.D. .. 

.. i 





Miscarriage, 






1 
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about 30 hours. In this case the autopsy findings indicated that the pleural 
and pulmonary process must have begun several days before the tme 
alleaed by the patient to have marked the onset of his pneumonia, ine 
huge dos4 used in Cases 37 and 40 were due to the fact that these amounts 
were prescribed by volume and the lot used was especially potent, contain- 
ing 5000 units of Type I antibody per cc. ^ 

The 15 remahiing cases received a total of less than 150,000 units and, 
in most instances, this dose was spread over 2 or more days. Four of these 
cases including 2 in which death occurred within IS hours after the first 
dose of serum, had more than 1 lobe involved at the time treatment was 
begun. 


It is not unreasonable to suppose that the dose, in most of these 
cases, wms inadequate or spread over too long an interval to be 
of maxumim benefit. It is impossible, however, to tell what part 
these two factors played in the development of empyema or the , 
occurrence of superinfections. The fact that these complications 
are less common when adequate amounts of antibody are given 
during the first 3 days of the disease suggests that they might be 
avoided, at least in some instances, by the introduction of a large 
amount of antibodj'’ within a few hours. 

From the observations in these cases it seems reasonable to deduce 
that, in bacteremic cases, a dose of 150,000 units is usually sufficient 
to bring about an adequate therapeutic result if: (1) Treatment is 
begun on or before the 5th day; (2) the entire amount is given 
within about 24 hours; and (3) the pulmonary lesion has not ex- 
tended beyond the confines of a single lobe at the time wdien this 
treatment is begun. More antibody is probably necessary if 2 or 
more lobes are involved; the exact amount remains undetermined 
but is probably not far in excess of 200,000 or 250,000 units. It is 
not unlikely that some cases of empyema and, perhaps, even some 
instances of superinfection wdth other organisms might be avoided 
if antibody is given in this mariner. 

Poor Responses Among Cases in Which Treatment With Antibody 
IT' os Begun After the Fifth Day (Table 8) . Of the 50 cases treated on 
or after the Oth day, 28 (56%) either terminated fatally or failed 
to improve until 3 or more days after antibody treatment was 
begun. This is almost twice the frequency writii which poor re- 
sponses w^ere encountered among the cases treated earlier in the 
disease (50 of 169 cases — 30%). This discrepancy occurred in 
spite of the fact that larger doses of antibody w’^ere used more 
frequently (Table 5) and the average number of units used was 
41% more among the cases treated after the fifth day than among 
those treated earlier (Table 9). & 


is riJLnlf I n ^ tlierapy begun on the 6th day or late 

CM a recoveries occur with increasing frequence 

Ul- J. ^ 1 Ainong cases treated this late in.the disease sZe ari 

nntihodK'^%n could hardly be expected to benefit from th, 

antitodj • W the present series, this occurred 4 times (Cases U 

»nd ,2), and dcall. folloaved nithin a feav boars in SS. insSnce ' oVe 
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features, such as (1) massive bacterial invasions as in Cases 51 and 55, 
(2) mixed infections as in Cases 53, 64, 69, 70 and 78, (3) simple empyema 
as in Cases 66, 67 and 76, or (4) other focal pneumococcic complications, 
vdth or without empyema, as in Cases 59, 60 and 69, all tend to make 
the demonstration of clear-cut beneficial effects of antibody difficult if it 
is administered later than the fifth day. In addition to these cases, there 
were 7 in this series in wliich the dosage could be considered inadequate 

Table 8. — Cases of Pneumococcus Type I Pneumonia Showing Poor Response 
TO Serum Treatment Begun After the Fifth Day. 
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even v'hen judged by the criteria mentioned for cases treated earlier m 
the disease. The blood culture in these cases was positive m 3 (Cases 52, 
56 and 63), sterile in 3 (Cases 68, 74 and 75) and not done in 1 (pf ^ 73). 
There remain only 6 uncomplicated cases who received 
be considered adequate for cases treated earlier (Cases 57, 5b, bl, bZ, bb 
and 71) . The effect of the antibody in at least 3 of these, namely , Cases ob, 
62 and 65, would suggest that much larger doses may be required m bac- 
teremic cases who are treated later than the fifth day than those found to 
be adequate in similar cases in which treatment is begun on or before the 
fifth day. In 2 instances, Cases 58 and 62, bacteremia recurred after the 
blood stream had been temporarily sterilized. In Case 58, 420,w0 units 
had been given before the last positive culture was obtained. Ulie fact 
that in two-thirds of the cases noted in Table 8 the lesion had extended 
far beyond the confines of a single lobe at the time treatment was begun 
would also indicate the need for larger doses in the late cases. 


TabIiK 9. — COMPAHISON OF THE INCIDENCE OF PoOR THERAPEUTIC RESPONSES 
Among Cases Treated Before and After the Fifth Day of Illness 
AND THE Average Amount of Antibody Used. 




Cases treated 

Cases treated 



on or before 

on or after 

culture. 


the fifth day. 

the sixth day. 

Positive 

Number of cases 

. . 49 

20 


Deaths or delayed crisis 

. . 27 

15 


Per cent .... 

. . 55 

75 


Average units per case ( X 1000) . 

. . 191 

232 

Negative or 

Number of cases 

. . 120 

30 

not done 

Deaths or delayed crisis 

. . 23 

13 


Per cent .... 

. . 18 

43 


Average units per case ( X 1000) . 

. . 109 

167 


If anything can be deduced from these late cases, therefore, it is 
the necessity for using larger doses of antibody than those which 
could be considered adequate in comparable cases treated before 
the 6tli day. This seems to be true even under the most favorable 
conditions. 

Comment. The rapid and dramatic clinical improvement fol- 
lowing treatment with concentrated Type I antibody in cases of 
pneumococcus Type I pneumonia have been noted by many ob- 
servers,^'*' and the regularity with which such a response occurs 
has been previously reported.^ These observations have justified 
the use of the clinical response to antibody as a guide to dosage 
and as an indication, when dosagehas been adequate, of the presence 
of complicating, factors interfering with the full efficacy of the 
antibody. In our experience, the commonest causes of the failure 
to observe this dramatic improvement Avithin 8 to 24 hours after 
beginning treatment are, in the order of their frequency : (1) Errors 
m typing; (2) insufficient dosage according to the criteria set dowm 
including dosage spread over too long an interval; (3) the beginning 
of focal piieumococcic complications; (4) mixed infections in the 
lungs; or (o) other complicating infections or febrile conditions- 
and (G) errors m estimating the time of onset of the disease or (7) 
tlie extent of the pulmonary lesion. 

The following practical procedures are recommended in order 
to obtain the greatest benefit from antibody treatment; (1) An 
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attempt should be made to obtain a pneumococcus type as rapidly 
as possible, by all available methods, whenever ihe diagnosis of 
'pneumonia is suspected; (2) blood cultures in suitable broth media 
should be made frequently; (3) when a Type I pneumococcus is 
reported, the date of onset of the pneumonia, that is the exact time 
of the initial chill or pleuritic pain, and the extent of the pulmonary 
lesion should be determined by a careful history and phj-sical 
examination — a roentgenogram should be made, if feasible; (4) a 
blood culture should be made immediately' before giving the first 
dose, whether or not previous cultures ivere made; (5) serum should 
be given promptly in the amounts noted in the summary; (6) these 
doses should be given with the customary precautions in as short 
an interval as is consistent with the safety and comfort of the patient. 
With the serums now available a dose of 75,000 units can be obtained 
in a total'volume of 15 to 40 cc. and can be given, without untoward 
effects, in 2 or 3 doses at intervals of 2 hours or less. Depending on 
the particular lot of serum, the initial injection may be from 2 to 
10 cc., the second may contain from 10 to 20 cc. and subsequent 
injections of 2 or 3 times the latter volumes may be given safely. 
If blood cultures are reported positive, the amounts mentioned 
should be given regardless of any clinical improvement apparent in 
the patient. 

If no improvement takes place, or if the degree of improvement 
seems inadequate in view of the dosage used, then the following 
procedures may be necessary: (1) The bacteriologic status should 
be checked to ascertain whether the Tj'pe I pneumococcus is 
present. Tliis means retyping the sputum, preferably from another 
specimen; (2) wherever possible, a direct culture of the sputum 
should be made, or other special methods used to determine the 
presence of mixed infections;"* (3) further blood cultures should be 
made; (4) the patient should be investigated clinically for the 
presence of complications. 

It may be of interest, in gaugmg dosage, that the incidence of 
bacteremia in our cases was found to be increased with advancing 
age, closely paralleling the death rate. It may, therefore, be 
desirable to begin treatment with large doses in patients over 40 
and particularly in those over 50 years of age. The small numbers 
of cases preclude an adequate analysis of the influence of age, alco- 
holism, and other factors in addition to those already considered. 

Skin tests with soluble specific substances,"'"- and agglutination 
tests in the patients' sera by various techniques'""'"^ may prove 
useful in determining the necessity for further amounts of antibody. 
The possibilities for the use of these aids have not yet been ade- 
quately explored. Our own limited experience warrants certain 
cautions in interpreting the results of these tests. A positive skin 
test with Typo I soluble specific substance is an indication tiiat 
sufficient antibody has been given, provided that this test is done 
6 hours or more after the last injection of antibody. A negati'C 
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skin test, however, may be obtained in many instances when addi- 
tional doses will serve to no useful purpose, namely, in the presence 
of complications or of mixed infections. The agglutination of 
Type I pneumococci by the patient’s serum, either microscopically 
or macroscopically, is an indication of a sufficient excess of antibody 
only when this agglutination is marked. In certain instances minor 
degrees of clumping have been observed, particularly with the 
microscopic methods, before the required dose had been given, 
and even before the blood stream had been completely sterilized. 

Summary and Conclusions. The results of specific therapy in a 
series of 219 cases of pneumococcus Type I pneumonia treated with 
concentrated antibody between November, 1929, and May, 1935, 
were reviewed in an attempt to determine the effective dose of this 
agent. For this purpose, the doses employed were reduced to 
values consistent with the definition of the unit of Type I antibody 
in terms of Felton’s standard serum (F146 = 200 units per cc.) and 
the National Institute of Health’s standard serum (Pll = 300 units 
per cc.). 

The optimum dose was determined on the basis of the amount 
of antibody which brings about a rapid crisis in the largest per- 
centage of cases without being unduly redundant. Due allowance 
was made for the influence of complicating factors which might mask 
the beneficial effects of the antibody. 

On the basis of the observations in these cases, the following 
scheme of dosage seems justified for the treatment of uncomplicated 
cases of pneumococcus Type I pneumonia: 

1. In cases in which treatment is begun on or before the 5th day 
of the disease and the blood culture taken before the first injection 
of serum is sterile and the pulmonary lesion is limited to a single 
lobe, a dose of 75,000 units is adequate provided that this entire 
amount is given within a few hours. 

2. Under the same conditions, but with more extensive pulmon- 
ary involvement, 150,000 units should be given in a similar manner. 

3. I^ffien treatment is begun on or before the 5th day and the 
blood (ndinrc before the first injection is j)ositirp; a dose of 150,000 units 
is usually adequate provided that the lesion is still limited to a single 
lobe; but 200,000 or 250,000 units may be required if the pulmonary 
lesion has already spread before the treatment is begun. These 
total amounts of antibody may prove ineffective if their adminis- 
tration is spread over 2 or more days. 

4. When treatment is begun after the 5th day of illness, only a 
small percentage of cases are likely to derive sufficient benefit from 
the antibody to warrant its use. In these cases, the dose should be 

mucli larger than is required in comparable cases treated earlier in 
the disease. 

Empyema may be prevented by early and adequate specific 
treatment. 
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THE BABIES’ HOSPITAL OF PHILADELPHIA 
TWENTY-FIFTH ANNIVERSARY DINNER. 


The Twenty-fifth Anniversary of the foundation of the Babies’ 
Hospital of Philadelphia was celebrated on November VI, 1936, 
at a dinner at the Barclay Hotel. It was attended by three hun- 
dred friends of the institution, and took the form of a memorial 
in honor of Dr. Charles Andrew Fife, a founder and the first Presi- 
dent of the Hospital. 



CHARLES ANDREW FIFE, M.D. 

Mr. hrederick A. Rakestraw, the President, introduced Mr 
Jioivard A Loeb ns Toastmaster. Dr. John F. Sinclair, Medical 
■rector, also a founder and one of the physicians active in the 
a ion o t le Hospital presented an historical sketch of the 


modest beginnings of the institution first as a summer hospital 
at ^\ynnefield, Pa., followed by the establishing of a Country 
Hospital at Llanerch, Pa., providing care for sick babies, and 
fresh air and wholesome food for convalescent babies and children. 
A city branch was early established to meet the needs of the ambu- 
latory sick, to care for well babies, and to insure a sy,stematic 
check-up of the health of children discharged from the Country 
Hospital. This supervision, by doctors and public heaJtli nurses, 
is continued until they enter the public schools. 

Some time later a large cottage at Beach Haven, X. J., was 
presented to the Babies’ Hospital as a convalescent home for 
mothers with their children, where they might receive not only 
good care, but a rest from their arduous duties in their over- 
crowded homes. 

Dr. Sinclair showed, that in a sense, the title of the institution 
is a misnomer, it is more than a hospital; it is a Health Unit, 
making itself responsible for the health of all members of the 
family, maintaining a prenatal clinic and an obstetrical ser\-ice, 
providing complete periodic physical examination of a!) children 
brought to its attention and offering instructions to mothers in 
the care of their children. In addition there is a well-equipped 
hospital floor for acutely ill children who present diagnostic 
problems and require research and laboratory studies. 

Dr. Philip Van Ingen, Director of Pediatric Service of the 
Boosevelt Hospital, Xew York, traced the changing conceptions 
of the care of the young, from the early emphasis on their religious 
training, to intere.st in their health, during the pre-school period. 
Community Health Work among children, which at first restricted 
itself to providing them with clean milk and medicine in the 
summer months, has been transformed into a consi.stent educa- 
tional effort, coordinated with eternal vigilance throughout the 
Year. In the early days, aside from the prevention of smallpox, 
little was known about preventive medicine for children, but' the 
work has c.xtended rapidly in all directions. Today it concerns 
itself with the avoidance of the c.xtravagance of hospitalization by 
a system of preventive medicine, health supervision and coinale.s- 
cent care, infinitely less expensive and more effective. 

Dr. Borden S. Veeder, Professor of Clinical Pediatrics. tVash- 
ington Ihiivcrsity School of iSIedicine, St. Louis, Mo., paid an 
eloquent tribute to Dr. Pife, based on his life-long personal frienrl- 
ship with him, and his close association in the institution, once 
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familiarly known in Philadelphia as “Fife’s Hospital.” As a 
young practitioner, Dr. Fife was appalled by the terrible mortality 
among infants in the slums of the city during the summer months 
and the inadequacy of the facilities for their proper care. Gather- 



HOSPITAL AND HEALTH CENTER 
Seventh and DeLancey Streets 

DEDICATED TO BABIES FOR THE PROMOTION OF HEALTH. THE 
PREVENTION OF DISEASE, THE TREATMENT OF ILLNESS, THE WEL- 
FARE OF CHILDREN FROM PRENATAL PERIOD TO SCHOOL AGE 

ing about him a group of ])hysicians similarly minded, he took 
the first steps toward remedying this condition, and from then on 
until his death, the Babies’ Hospital became a large part of his life. 
To this work he devoted himself and the institution became tjie 
soul and the heart of the man. His personal gentleness and 
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patience with sick and spoiled children and with anxious mothers 
made him eminently successful in his speciality. His Presidential 
Address before the American Pediatric Society- set forth the duties, 
functions and obligatioirs of the pediatrician in words which 
established an ideal that he himself attained so far as it is humanly 
possible. 

The Hospital that he founded is no ordinary hospital; it trans- 
cends mere hospital care of the sick, and presents the newer and 
sounder conception of prevention, thereby reducing the need for 
hospitalization. It is largely due to his efforts and to those of 
his associates that the days are gone forever when one out of 
every five babies born to the under-privileged in Philadelphia, die 
in infancy. 

At the conclusion of Dr. Veeder’s address, a resolution was 
offered and adopted, to establish a permanent endowment fund 
for the Babies’ Hospital as a memorial to Dr. Charles Andrew Fife. 
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BOOK BEVIEWS AND NOTICES. 


A Doctor’s Odyssey. A Sentimental Record of Le Roy Crummer: 
Physician, Author, Bibliophile, Artist in Living, 1872-1934. By A. 
Gaylord Beaman. With a Avord in Memory by A. Edavard Neaa^ton 
and Numerous Memoirs and Appreciations. Pp. 340; 21 illustrations. 
Baltimore: The Johns Hopkins Press, 1935. Price, 82.50. 

The Doctor and the Public. A Study of the Sociology, Economics, 
Ethics, and Philosophy of Medicine, Based on Medical Histoiy. By 
James Peter Warbasse, M.D. Pp. 572; illustrated. New York: 
Paul B. Hoeber, Inc., 1935. Price, S5.00. . 

Over a biograpliical record frankly labeled “sentimental,” as^^over the 
official biography and the charity performance, criticism must be, by 
tradition (perhaps unwarrantedly, since they are all up for sale), discreetly 
non-committal. Without violating tradition or the allied canons of good 
taste, the Reviewer, nevertheless, may be permitted in this instance to 
adAuse the potential reader of Mr. Beaman’s book that he aaoII find this not 
at. all an odyssey in the classic meaning of the term, nor yet such a one of 
the interior life as emanated some years ago from Paris out of Dublin. _ Dr. 
drummer’s life, it would seem from this series of memoirs and appreciations, 
lacked the usual elements of external conflict and occasional inner incerti- 
tude, the triumph OA'^er Avhich has constituted from ancient times the most 
enduring stimulus to literature and the imagination of manldnd. 

If this was a life deficient in the daily drama of the multitude, in its own 
more rarefied atmosphere it Avas colorful and productive. Dr. Crummer 
achieA’’ed in his lifetime an eAuable reputation for his versatile accomplish- 
ments, not least among these being his bibliophilic studies and discoveries. 
Indeed, it is not unlikely that these are the achievements by Avhich he Avill 
be best remembered in time to come— and it is not improbable that he Avould 
Avish it so. For the paramount interest of his maturer years seems to have 
been in these studies. His attitude toAvard the study of medical history, 
it should be noted, for all his personal indulgence in the so-called amenities 
of book-collecting, Avas a fundamentall5'- sane and irreproachable one. The 
study of medical history meant to him not an idle hour spent in the reading 
of medical biographies, but the attempt to trace the continuous stream of 
medical progress from its beginnings to his own da3’-, to relate its develop- 
ment at a gRen period to the life of the people of that day. He looked 
upon it in other AA-^ords not as a diversion, but as a proper, and even necessary 
occupation of the intelligent phj’-sician. It is the misfortune of this book 
that its subject too often is made, probably unjustly, to seem to posture 
gracefully, but meaninglessly, in vacuo. It is the A\fise man, as some one has 
or should haA’-e said, aaLo dictates that his biography shall be AATitten not 
by his friends but by his enemies. 

Dr. Warbasse’s book is a more Aorile illustration of the modern phj’^sician’s 
groAAdng tendency to see life (in the sociological sense) and see it AA'hole. 
The first part of the book is, in respect of outAA'ard form at least, a more or 
less conventional histoi^'^ of medicine; that is, the storj^ is told largely b\’' 
me.ans of paragraphic biographies interspersed A\dth sections of explanatorA" 
background. Beginning AAdth the eighteenth centurj^ hoAveA^er, the emphasis 
comp more and more to be placed on movements and ideas, on the tracing 
of the increasing recognition by doctor and public of their interlocked 
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destinies. The final chapters of the book are devoted to an examination 
of the various systems of group medicine norv in use. It vill be no surprise 
to those familiar rvith the author’s interest in consumers’ cooperatives to 
find Ifirn a staunch advocate of the application of similar practices to medi- 
cine. The important fact is that Dr. Warbasse’s arguments are so well 
documented — and set forth with so persuasive an enthusiasm — that it 
would be hard to conceive of anj' one, doctor or layman, not being stimulated 
bj' them to a more ^ngorous personal interest in the most important political 
question now confronting the medical profession. But the book is not the 
work of a brilliant and persuasive doctrinaire. The range of Dr . W arbasse’s 
xdsion is nowhere better exemplified than in the last section of his book. 
Here, after nearty 550 pages of emphasis on the necessity for cooperative 
enterprise between the doctor and the public, he vTites mo^dngly of the 
physician as an indi^ddual. “The world envelops him; but, after aU, it is 
the life he lives alone that counts. His real calling is the building of an 
indixnduah And that individual is himself — the physician.’’ If history be 
properly subject to indmdual interpretation, which indeed is inevitable, 
this book,makes a notable contribution to the contemporarj’’ histories of 
medicine. It is not distinguished for elegance of style or for adding measur- 
ably to oun factual knowledge. Its rurtue is the rather rare one of clothing 
the familiar and known in a new and more illuminating light; which, after 
all, is the most acceptable reason for rewriting ancient historj'. 

W. McD., 2d. 


PASsn'E Vascul.\ii Exercises .and the CoNSERVATm: Managbiient 
OF OBLiTEmvTnTE Arterial Diseases' op the Extremities. By Louis 
G. Herrmann, A.B., M.D., Assistant Professor of Surgery, College of 
hledicine of the University of Cincinnati, and the Cincinnati General 
Hospital, etc. With a Foreword by Mont R. Reid, M.D. Pp. 288; 80 
illustrations and 4 colored plates. Pliiladelphia ; J. B. Lippincott Com- 
pany, 1936. Price, S4.00. 

This monograph presents in detail the author's ^^ews on the rationale 
and technique of treating peripheral vascular diseases by means of “passive 
vascular exercises” (“Paviex therapy”). A liistoric section includes ex- 
tensive quotations illustrating earlier efforts to influence blood flow to the 
extremities by changing emironmentai pressure. The physiology of peri- 
pheral blood flow, diagnostic procedures and conservative therapy in general 
are discussed briefly. 

Diagrams and figures of the “Pavicx Unit” developed by the author are 
accompanied by complete instructions for its use in treating patients. Dis- 
cussion of clinical results with “passive vascular exercise” therapy is 
limited to single examples of eadi of the main types of organic arterial 
diseases involring the extremities. The inclusion of more details concerning 
changes in skin temperature and other objective criteria of improvement 
would have added much to this section. Likewise, since several hundred 
patients had received during several years a total of many thousand hours 
of “Pav.nx therapy,” statistical tables on immediate results and follow-up 
data might well have been included. In discussing contraindications to 
“PavsEX therapy” the author minimizes, more than others would, the 
danger of spreading infection. 

Written with the dewpoint of one interested in consen-ative treatment 
the book contains many excellent practical pointers on the possibilities and 
limitations of conservative therapy. It proddes a summarj' of the ex- 
perience of one clinic in a relatively new, but rapidly developing, field. 

E. L. 
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■pTaDormNE TuMouRS AND Other Essays. By Frederick Parkbs Weber, 
M.A.. M.D., r.K.C.P., F-SA., W Physician ^ the German HosplM, 
Ikindon. Pp- 207. London; H. K. Lewis & Oo., Ltd., iJoo, ince, 

This consists of miscellaneous discourses, in most cases modified 
of, the author's articles in journals dealing with endocrine 
tions as comes of such diseases as neoplasms and leukemia; congenital- 
developmental heredity diseases; treatment of constipation; bilious attacks 
induced by sea air; unilateral asymmetry; hypersplemsm; and other sub- 
. , ^ / 1. Z/. 

]ects. 


Die Moeektjlarpathologie der Entzundung. Hire Bedeutung fiir das 
Krankheitsverstehen und Kranldieitslieilen, Eine ^ Einfuniung fui 
Studierende und Arzte. By Prof. Dr. H. Schade, Direktor des Insti- 
tutes fiir pliysikochemische Medizin an der Universitiit Kiel. ip. 100; 
20 illustrations and 18 tables. Leipzig; Theodor Steinkopff, 1935. 
Price, Rm. 5.50. 

The application of the methods and principles of physical chemisti^^ and 
of colloid chemistry to biologic problems has been very fruitful. The author 
of this little monograph on inflammation is well laiown for his larger work 
on “Physical Chemistry in Internal Medicine,” and for his many excellent 
contributions to this subject. Inflammation plays so prominent a part in 
pathology that a summary of its “molecular pathology” is timely and wel- 
come. The well known cardinal signs of inflammation are discussed in 
terms of physical chemistry; of changes in hydrogen-ion concentration, 
osmotic variations, localized temperature changes and so forth. At least a 
beginning is made in a field of great interest. It is to be regretted, however, 
that the references to the literature are confined to German publications. 

B. L. 


Lehrbuch der inneren Medizin. Vols. 1 and 2. Dritte Umgearbeitete 
und erganzte Auflage. By H. Assmann, G, v. .Bergmann (mit F; S. 
Troebe), H. BoHNENKiiMP, R. DoERR, H. Epbinger, E. Grafe, Fr. 
Hiller, G. ILitsch, P. Morawitz, A. Schittenhelm, R. Siebeck, R. 
Stabhelin, W. Stepp, H. Straub. Pp., Vol. 1, 934; Vol. 2, 846. Illus- 
trations, Vol. 1, 171; Vol. 2, 153. Berlin; Julius Springer, 1936. Price; 
paper, Rm. 48; bound, Rm. 52. 

The third edition of this textbook, which came out 2 years after the 
second, has been somewhat remodeled. Lichtwitz and Thannhauser have 
been replaced by Assmann, Grafe and Bohnenkamp. A chapter on general 
hereditary pathology has been added. The general plan of the book 
namely, “basing the clinical picture on scientific physiologic-pathologic 
mowledge, Mth emphasis on functional disturbances as a starting point of 
the study of diseases, and thorough consideration of the therapy,” has been 
kept, however. The' reader will regret not finding more of the recent 
studies of pneumococci and filtrable viruses. He will find that the chanter 
on kidney diseases (Straub) is somewhat old-fashioned, especially as far as 
the modern clmical meBiods and the modern concept of the bilateral 
hematogenous kidney diseases are concerned. The reader will discover 
the chapter on blood diseases (Schittenhelm) contains a number of 
obwous mstakes; recogmtion of the long since retuth theory of the oridn 

srt es^that fibroblasts (v. MoUondorf), statements 

^ * hemorrhagic anemia is always hypochromic in nature 

and that renal anema occurs in nephroses mainly, and a nuXer S ?thSf 
In genera It can be said, however, that this edition is as exSw as S 

Ss 

W. E. 
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RECENT STUDIES ON ALCOHOL. 

Alcohol is the'inost prevalent of all the noxious materials ingested by 
man. In view of its predilection for the central nervous system, a re- 
view of recent publications concerning alcohol is pertinent to this sec- 
tion. In spite of the prevalence and antiquity of the use of ethyl 
alcohol both as u beverage and a medicine, it is only recently that our 
knowledge of the biochemistry and pharmacology of alcohol has been 
developed to the point where it is comparable ‘to that of other meta- 
bolites. Even now we are in ignorance of the intermediary steps in its 
metabolism in the animal body, and many other aspects of its utiliza- 
tion remain obscure or controversial. However, much interest in the 
subject has been manifest in the past decade, with the result that cer- 
tain facts have been established which form a firm foundation for future 
research. 

Alcohol Metabolism. It has been generally accepted since the funda- 
mental work of IMellanby,’ in 1919, that the ingested alcohol is absorbed 
as such from the gastro-intestinal tract, and burned by the tissues, the 
ultimate products being carbon dioxide and water, a relatively unim- 
portant amount, not exceeding 10%, being excreted in the urine, sweat, 
and expired air. Furthermore, Alellanby showed that this metabolism 
of alcoliol proceeded at a constant rate, irrespective of the concentra- 
tion in the tissues, since his curves of blood alcohol plotted against 
time after a single dose were linear in form. This conception was in 
accord with the observations of subsequent workers, with the exception 
of Haggard and Greenberg,- who injected alcohol intravenously in dogs 
and found its rate of disappearance from the blood stream to be pro- 
portional to the amount present in the liody at the time. Newman and 
Cutting* were unable to confirm this finding after intravenous adminis- 
tration in dogs and in man. They also found the same amount of alcohol 
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to be necessary to maintain the blood alcohol constant at widely varying 
levels. Thus the preponderance of evidence points to a constant rate of 
metabolism of alcohol for the individual. 

This rate of metabolism is surprisingly resistant to modification. 
LeBreton^ found that raising the metabolic rate of rats 100% by placing 
them in a cold room did not affect it, nor is violent muscular exercise 
effective. On the other hand, Widmark® and LeBreton“ showed that 
proteins and amino acids definitely increased the speed of alcohol 
oxidation. The effect of insulin, dinitrophenol, and carbon dioxide- 
oxygen inhalation will be dealt with later in connection with therapy of 
acute alcoholism. 

The preponderance of evidence indicates that alcohol may be con- 
sidered as a food, as it is capable of replacing isodynamic amounts of 
other foodstuffs. LeBreton'^ feels that it possesses no specific dynamic 
action, and has demonstrated that in homeothermic animals it may 
supply as much as 50% of the basal metabolic requirements, and in 
poikilothermic animals at low temperatures as much as 90%. She goes 
so far as to advance the opinion that alcohol may be an intermediary 
in normal carbohydrate metabolism, a conjecture supported by the 
constant finding of a small amount of ethyl alcohol in normal blood. 
Moreover, there seerqs to be a fairly constant relationship between the 
basal metabolic rate of different species and their rate of alcohol metabo- 
lism.® 

Mitchell® noted that, when equivalent amounts of alcohol and sucrose 
were added to the basic diet of two groups of rats, the rats receiving 
alcohol gained less than those receiving sucrose. On the other hand, 
the alcohol rats showed a smaller amount of feces, which he interpreted 
as an indication of superior digestion induced by alcohol. 

That the rate of metabolism of alcohol is not increased by muscular 
exercise is an observation concurred in by Canzanelli, Guild, and 
Rapport,^® LeBreton,^^ Carpenter,'® Carpenter, Lee, and Burdett,'® 
and Nyman and Palmlov.'”' From this fact they conclude tliat alcohol 
f cannot be utilized for muscular work, a deduction that does not seem 
. wholly tenable, since alcohol has a definite and constant rate of metabo- 
lism, and the fact that this is not increased by exercise does not prove 
that no alcohol is utilized in muscular work. 

Thus alcohol is seen to replace other foods for most physiologic pur- 
poses in approximately isodynamic amounts. That it is a good food 
does not necessarily follow, as its toxic action must also be considered. 

Alcoholism and Deficiency Disease. Alcohol has long been credited 
With a toxic action on the peripheral nerves, the so-called alcoholic 
neuritis. Recently much doubt has been cast on the direct responsi- 
bility of alcohol for this condition, as well as for “alcoholic pellagra.” 
Strauss'® treated a number of cases of “ alcoholic neuritis ” with a high 
caloric, high vitamin diet, without cutting down on the amount of 
whiskey they were used to, with the result that the neuritis cleared up 
m spite of the presence of alcohol. In support of this is the work of 
''echsler, Jervis, and Potts,'® who found no pathologic changes in the 
nervous system of monkeys and cats habituated to large amounts of 
alcohol. Thus the present conception is that the neuritis is a deficiency 
disease, for which the alcohol is only secondarily responsible. This re- 
sponsibility may be two-fold ; in limiting the diet of the alcoholic, and 
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perhaps in destroying or preventing the absorption of the necessary food 
factors. Blotner'^ has shovn that alcohol is effective in destroying the 
proteolytic acti\dty of enzymes, lending support to this concept. 

Acquired Tolerance to Alcohol. It is generally accepted that certain 
individuals can tolerate much larger doses of alcohol than can others 
without exhibiting signs of drunkenness. It is also thought that pro- 
longed and habitual use of alcohol in large amounts is effective in 
engendering such a tolerance. Because of the great individual variation 
in non-habituated individuals to alcohol, and the practical impossibility 
of habituating human subjects for the purpose of experimental study, 
we have no unimpeachable evidence on this point based on experiments 
in man, so have had to relj' on lower animals for our knowledge. Bogen^® 
has recently reviewed the literature concerning this problem, without 
being able to arrive at any definite conclusion. That acquired tolerance 
exists seems incontrovertible but its mechanism remains obscure. 

Poor absorption of alcohol by the habituated individual cannot be 
responsible for tolerance, since it has been found by Jungmichel,*® 
Fleming and Stotz,'‘’'-‘ Bernhard and Goldberg,®- and Newman and 
Card®^ that blood alcohol rises faster after ingestion in habituated indi- 
viduals than in abstainers, indicating more rapid rather than less rapid 
absorption in these subjects. 

Gettler and Freireich®'* felt that they demonstrated more rapid oxida- 
tion of alcohol in dogs after habituation than in normal controls. The 
length of time they waited before sacrificing their animals after giving 
the test dose leaves their work open to criticism; this time averaged 
little over an hour, during which no great amount of alcohol could 
possibly have Ijeen oxidized. Furthermore, Fleming and Stotz®^ and 
Bernhard and Goldberg®® found no difference in rate of oxidation of 
alcohol in human habituates and abstainers, and Newman and Cut- 
ting®®-®® showed conclusively in dogs that the rate of alcohol metabolism 
was not increased by prolonged habituation. 

The theory that tolerance to alcohol is a true tissue tolerance is sub- 
scribed to by Levy.®®-®® She found that the minimal anesthetic dose for 
habituated rats was greater than for abstainers, and that furthermore 
the alcohol content of the brains of habituated rats was higher than 
that of abstainers at the same depth of anesthesia. Newman and 
Card®® found no difference in the minimal -anesthetic dose for habituated 
and rion-habituated dogs, but a definite tolerance of the habituated 
animals to lower concentrations of alcohol in the blood stream. 

Thus, although the last word has not been said regarding the nature 
of tolerance to ethyl alcohol, it seems that a tissue tolerance rather than 
decreased absorption or more rapid oxidation is the responsible factor. 

Treatment of Acute Alcoholism. There can be no doubt of the de- 
sirability of some therapeutic measure which would be effective in 
expediting the removal of alcohol from the body in acute alcoholic 
intoxication. Since, as we have seen, but a small amount of alcohol is 
eliminated by the various excretory systems, and the rate of oxidation 
of the substance is peculiarly resistant to variation, the problem is a 
difficult one. 

Supniewski,®® in 1926, showed that administration of a large dose of 
insulin to a rabbit at the same time alcohol was given subcutjmeously 
was effective in almost doubling the rate at which the alcohol disap- 
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pearecl from the blood. Almost simultaneously, Widmark,®^ Serrianni,®^ 
and Newman and Cutting^® published results showing insulin to be 
effective in increasing the rate of alcohol metabolism about 50% in 
dogs and men, when given in doses of from ^ to 1 unit per Idlogram. 
Subsequently, BickeP^ has confirmed these observations. He feels 
that insulin is effective by lowering the blood sugar, and that if this is 
prevented no increase occurs. Newman and Cutting^^ obtained a similar 
effect with insulin-free pancreatic extract, but the fact that Carr, 
Schmitt, Harne, and Krantz^® found this extract to contain enough 
insulin to significantlj'^ lower blood sugar makes this of doubtful sig- 
nificance. 

Harger and Hulpieu,®® Widmark,®’ and Newman and Cutting^® have 
investigated the effect of dinitrophenol on the rate of alcohol metabo- 
lism, in the hope that this metabolic stimulant might be effective in 
burning alcohol. Large doses, exceeding that regarded as relatively 
safe in man, were effective in more than doubling the rate of fall of blood 
alcohol in animals. Neymark®® found that the rate of elimination of 
methyl alcohol, which disappears from the body much slower than 
ethyl alcohol, could be increased almost five-fold by the drug. This is as 
would be expected, as Newman and Tainter^“ found the effect of 
dinitrophenol on alcohol metabolism to consist solely of an increased 
elimination of alcohol by the lungs. Since the normal rate of methyl 
alcohol metabolism is very much slower, the amount of increased 
elimination by the lungs in its case is more significant than in the case of 
ethyl alcohol. Using safe therapeutic doses in man, Newman and 
Cutting®^ could demonstrate no effect on the speed of alcohol metab- 
olism. 

In 1924, Hunter and Mudd^^ employed carbon dioxide-oxygen in- 
halation in the treatment of acute alcoholism. They followed the 
course of blood alcohol in one subject after a test dose both ^vith and 
without the administration of the gas mixture, and from this single, 
apparently rather inconclusive, observation, assumed that the rate of 
alcohol metabolism was thus increased. In 1926, Van Wulfften Palthe,'*- 
arguing from the analogy of symptoms of alcoholic intoxication and 
oxygen deprivation, administered oxygen to intoxicated rabbits, and 
reported that they could thus survive ordinarily fatal doses of alcohol. 
However, B'arach'*^ was unable to confirm this observation. He did 
find, however, that intoxicated animals in an oxygen deficient atmos- 
phere were improved by inhalation of oxygen, but relapsed on being 
returned to their former environment. Fleming and Rejmolds''^ were 
unable to determine any effect on the rate of decline of blood alcohol 
after administration of either carbon dioxide or oxygen. 

In 1935, Robinson and Selesnick^^ revived the use of carbon dioxide- 
oxygen therapy, and reported very good results in the clinical course of 
acute alcoholism after a half hour’s inhalation. They further stated 
that this treatment effected an appreciable decrease in total body alco- 
hol, a deduction to which Newman and Card'”' took exception. They 
showed that there was no significant decrease in total body alcohol, 
either in man or in dogs, after this period of inhalation. They con- 
sidered the effect to be due entirely to increased elimination of alcohol 
through the lungs from hyperventilation, and showed that the amount of 
overbreathing produced by such a mixture of gases for the period of a 
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half hour was not sufficient to dispose of more than 1 % of the alcohol 
present in the body. That the respiratory stimulation incidental to the 
administration of the gas might be very beneficial in a patient markedl3’^ 
depressed by alcohol was not denied. Howeyer, Selesnick^’ does not 
think the number of experiments sufficient for any definite conclusions. 
Subsequently, Butler^® has found oxygen inhalation ineffective in pro- 
tecting mice from a minimal lethal dose of alcohol, or in improving the 
condition or behavior of inebriated guinea pigs. 

Thus it can be seen that the panacea for acute alcoholism is yet to be 
found. Dinitrophenol in safe doses is useless. Insulin in large doses is 
effective in increasing the rate of decline of the blood alcohol about 
50 %) which probably would not be a significant factor in saving life 
from the acute toxicitj' of alcohol, although it might be of use in expedit- 
ing the “sobering up” process. Carbon dioxide-oxygen inhalation is 
definitely indicated when alcohol has depressed the respiratorj’^ center 
'to a dangerous degree, but cannot be expected to eliminate any sig- 
nificant amount of alcohol from the body. 

Chemical Diagnosis of Drunkenness. The extremely dangerous con- 
sequences of the operation of modern motor vehicles bj’’ drunken drivers 
has led to the development of more objective tests for inebriety than the 
traditional "smelling the breath.” Within the past 10 3^ears a great 
deal of work has been done in attempting to correlate the alcohol content 
of the various body fluids and the breath with the degree of into.xication. 

Since the work of Nicloux,'*’ in 1896 , there have been many methods 
introduced for the determination of alcohol. Most of these are based on 
the oxidation of the alcohol 1)3' potassium dichromate, and the subse- 
quent determination from the amount of dichromate used of the amount 
of alcohol present. Of the modifications recentl3' introduced, that of 
Friedemann and Klaas*” ma3' be recommended for its extreme accurac}', 
that of Newman^^ for a fair degree of accurac3' coupled with rapidity 
and simplicity, and that of Abels®- for its extreme simplicity. 

Alcohol determinations have been made on the breath, urine, blood, 
cerebrospinal fluid, saliva, sweat, and the various bodil3' tissues. For 
the determination of drunkenness, each possesses certain advantages 
and disadvantages. ITesli bladder urine contains approximatel3' the 
same alcohol concentration as does blood plasma. It is not, however, 
alwa3's easy to obtain, especiall3' without the cooperation of the 
subject. If it has remained in the bladder for some time, it may cor- 
respond better with the concentration of blood alcohol which prevailed 
several hours previously than with that at the time of examination. 
Gettler and Freireich®® reported a closer correspondence between spinal 
fluid and brain than between spinal fluid and blood. However, 
Mehrtens and Newman®^ showed that during the first hour after taking 
alcohol the spinal fluid lagged markedl3' behind the blood alcohol and 
the clinical signs of intoxication. Furthermore, the difficulty of ob- 
taining it makes it of little value for this work. Breath has the ad- 
vantage of being easy to secure, but it has been shown that the rate 
and depth of breathing introduces a variable factor which may lead to 
large errors. Saliva is easy to obtain, but the possibility of unswailowed 
alcohol from recent imbibition must be borne in mind. Blood is 
probably the best from the standpoint of correlation witli the degree of 
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inebriation. However, consent must be obtained for its withdrawal, 
as one may not be compelled to testify against oneself. 

The interpretation of the values obtained is considerably more in- 
volved than is their determination. However, with the accumulation 
of a large amount of data certain generalizations have been made. 
Turner^® states that intoxication is not noticeable when the blood 
alcohol is under 0.2%, and most other authorities consider 0.2 to 
0.25% as the lower limit at which drunkenness may be diagnosed. If 
the same blood alcohol concentration resulted in the same degree of 
drunkenness in all individuals the problem would indeed be a simple 
one, but this is not the case. Individuals vary in their tolerance to the 
drug, this variation being both inborn and acquired. Thus, although the 
great majority of individuals may be so inebriated as not to be able to 
exercise due skill in operating an automobile when their blood alcohol 
is over 0.25%, certain individuals particularly tolerant to alcohol may 
not be so affected. As long as these exceptions exist, the chemical diag- 
nosis of drunkenness cannot be absolute, but must be considered only 
as one bit of evidence among whatever others may be present to sub- 
stantiate the diagnosis. 

Psychopharmacology of Alcohol. The recent interest in the effects of 
sodium amytal in the psychoses and psychoneuroses, both for prolonged 
narcosis and to increase the rapport- between physician and patient, has 
stimulated similar work with alcohol which may lead to a better under- 
standing of the psychological effects of this substance. 

The depressant nature of the drug was well demonstrated by Mullin, 
Kleitman, and Cooperman.®® They showed that administration of 60 
to 75 cc. of alcohol before retiring decreased the frequency of movements 
during the first half of the night. During the second half, when most 
of the alcohol should have undergone metabolism already, there was 
some increased motility. 

In 1930, Perelman®'^ induced light alcoholic intoxication in a group of 
schizophrenic patients, with resulting development of outbursts of cry- 
ing and laughing. He felt, however, that he was successful in improving 
his contact with the patients. Sullivan, in discussion of a paper by 
Lindemann and Malamud,®® reported success in establishing contact 
with psychotic patients by the use of alcohol. Newrnan®® found that 
the intravenous injection of alcohol in psychoneurotics produced emo- 
tional instability but effected an improvement of contact with the ex- 
aminer. In a small group of schizophrenics, however, there was a 
definite withdrawal from reality, with increase in already existing pre- 
occupations, a marked contrast to the effect of sodium amytal in this 
condition. Kantorovich and Constantino^^ch®° employed a similar 
procedure with catatonic patients, and reported good therapeutic re- 
sults, although a perusal of the data shows a similarity in reaction of 
most of the cases to that report by Newman. 

Thus it would seem that although alcohol is capable of effecting some 
psychologic change, the change is quantitative and of the nature of an 
intensification of pre-existing mood, in contrast to the qualitative 
changes reported witli amytal. 


Henry W. Newjlyn, M.D. 
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RECENT ADVANCES IN THE ENDOSCOPIC ASPECTS OF 
DISEASES OF THE FOOD AND AIR PASSAGES. 


Endoscopy has earned an indispensable position for itself in the 
diagnosis and treatment of diseases of the upper food and air passages. 
It is no longer looked upon as a dramatic and spectacular means of 
removing an alien intruder in the tracheobroncheal tree or esophagus. 
A perusal of contemporary literature will disclose the remarkable 
changes that it has wrought in our methods of diagnosis and therapy 
of these areas. The most important recent contribution has been the 
use of gastroscopy for ^dsualization of the interior of the stomach. 

Gastric Disease. — While gastroscopy has been an accepted adjunct 
in the removal of a foreign body from the stomach, its use in the inspec- 
tion of the interior of that viscus has followed the recent development 
of the flexible gastroscope with a lens system by Schindler and Wolf. 
In a discussion of diagnostic gastroscopy by means of his instrument, 
Scloindler' states that it is now possible to visualize the interior of the 
stomach with safety and with but little discomfort to the patient. It pro- 
vides a means of direct morphologic diagnosis of gastric lesions. It 
can reveal the presence of a gastritis and hypertrophic gastritis. It is 
of definite aid in the differential diagnosis between ulcer and neoplasm, 
and also is of aid in observing the extent of the lesion as well as ,its 
progress or response to treatment. The contraindications to gastroscopy 
are the presence of esophageal disease, aneurysm of the aorta and dan- 
gerous cardiac conditions. Benedict,- in a preliminary report upon the 
use of this method in 75 patients, was impressed with the ease and- 
harmlessness of gastroscopy. He feels that it is a valuable adjunct to 
the roentgenography in the study of gastric disorders especially in the 
investigation of gastritis and in the differentiation between ulceration 
and new gro'srths. The danger in gastroscopy as the Jacksons^ point out 
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consists in the possibility of perforation of the esophagus during its 
introduction. Tliey believe that the open tube is less dangerous, as the 
operator can always see a lumen ahead and stop the instrument if no 
lumen is visible. The Scliindler instrument does not give a view of the 
lumen ahead and for that reason the operator must assure himself of the 
absence of esophageal disease by preliminary Roentgen examination 
or open tube esophagoscop3' if necessary. They also point out that the 
removal of a foreign body or the performance of a biopsy require an 
open gastroscope rather than the Schindler instrument. They feel 
that every patient with gastric symptoms or hematemesis should have 
a diagnostic gastroscopy unless definite contraindications are present. 
This is especiallj"^ true when a diagnosis of a gastric neurosis is contem- 
plated in order that organic disease be excluded. Edwards^ states that 
gastroscopy is a valuable adjunct in the diagnosis of gastric disease but 
does not displace roentgenology. He believes that more experience is 
necessary in the interpretation of the findings, but feels that it is the best 
means at our disposal in establishing a diagnosis of chronic gastritis. 
Benedict^ feels that the diagnosis of chronic gastritis had rested upon 
an insecure foundation in the past. It was based mainly upon the pres- 
ence of an indefinite symptomatology and the exclusion of organic 
gastric changes by means of the Roentgen ray. He emphasized that 
chronic gastritis is a definite disease most accurately diagnosed by gas- 
troscopy. Jones, Benedict and Hampton® observed 5 cases of pernicious 
anemia in which careful studies of the stomach were made including 
Roentgen ray, biopsy, direct observation at laparotomy and by gastro- 
scopy. They found atrophy of the mucosa to be present mainly during 
a relapse but was not consistent. They noted the disappearance of the 
atrophy upon the employment of a specific therapjL Chevallier'* 
describes a non-inflammatory form of edema of the mucosa in the pyloric 
antrum of several cases of hypersensitivity that were studied with the 
gastroscope. The lesion appeared as a localized light rose-colored 
swelling, appearing and disappearing rapidly. It was associated with 
asthma, urticaria or other allergic states and was favorably influenced 
by dcsensitization. Jackson®, expressed the opinion that the day was 
not far distant when gastroscopy would be routinely employed in the 
study of patients presenting gastric symptomatology. He stressed the 
important contraindications in the use of the flexible gastroscope but 
insisted that the instrument marked a new era in the investigation of 
the stomach. 

- Neoplasms of the Tracheobronchial Tree.— Neoplasms of the trachea 
are cjuite rare. In fact, Simpson and Moore® in their report of a case 
of primary adenocarcinoma located in the lower third of the trachea 
were able to find but 28 cases reported in the literature. They find that 
the occurrence of dyspnea in a person otherwise in good health and 
without evidence of intrathoracic tlisease is suggestive of tracheal new 
growth which can onl.i' be positively <liscovcred by the aid of the bron- 
choscope. Guttman'® reports a case of cylindroma or adenocystic basal- 
cell carcinoma originating in the trachea bringing the reported number 
of primary tracheal malignancies to 29. The presenting symptom in 
this case also was dyspnea without other evidence of intrathoracic 
disease and was siniilarly discovered by diagnostic bronchoscopy. 
Richards and Dietricld' observed a ehilfl of 8 months with dyspncii and 
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vrheezins wliicli vras due to a primary fibrosarcoma of the trachea that 
v.-a 5 found at postmortem. Jackson's old truism that “all that wheezes 
is not asthma” is applicable to tracheal neoplasms. 

For some reason the popular belief obtains that benign neoplasms 
of the bronchi are uncommon. !Morlock and Pinchin,^ in a study of 
1-50 cases of bronchial neoplasm, found 9 (6%) to be benign. These 9 
cases were reported in detail. The authors stress the fact that such 
benisn neoplasms should be diagnosed early and removed by broncho- 
scopy in order to ob\'iate the permanent damage to the limg that may 
follow prolonged bronchial obstruction. Benign or “carcinoid epithe- 
lial tumors are commonly found in the large bronchi. Keman^’’ gives 
a detailed report of 10 cases. The bronchoscopic appearances were 
characteristic. The tumors were soft, at times mo^^ng with respiration. 
They bled readily upon being touched with the bronchoscope or biopsy 
forceps. Smaller growths could be removed Avith the biopsy forceps 
while larger growtlis necessitated the use of diathermy. ^SlilleP’ re- 
ported a similar case in which bronchoscopy was employed to discover 
the cause of an upper lobe atelectasis. It was found to be due to a soft 
tumor that histologically showed epithelial cells in glandular arrange- 
ment and many bloodvessels. The bronchoscopic removal of the neo- 
plasm cleared the atelectasis, .^.n adenomatous PoBt) of the right main 
bronchus was found to be the cause of an atelectasis by Rosenblmn 
and Elein^ in a boy of 11, with improvement following the broncho- 
scopic removal. Kramer and Som,*^ in a review of 23 cases of adenoma 
of the bronchi, emphasize the benign nature of these neoplasms. They 
commonly cause hemoptysis, cough, wheezing, and show Roentgen 
endence of obstruction and its consequences, namely, atelectasis, and 
ultimately, chronic suppuration and bronchiectasis. In all cases bron- 
choscopic removal is to be attempted and failing that the use of irradia- 
tion is to be considered. They find that 17 of their 23 patients were 
alive after an average period of observation of 4 years. 

In no field of medicine has greater progress been made than in the 
endoscopic study of malignant growths of the lung. Bronchoscopy 
can justly claim credit for the remarkable advances that have been 
established. In fact, prior to the use of endoscopic methods our knowl- 
edge of the.se neopla-sms was restricted to what information we obtained 
from autop.sy material in the dead house. Lloyd,^' in a study of 31 
cases of bronchial malignancy, ranks bronchoscopy first in the methods 
of diagnosis, although 3.5% of his cases originated in the lung paren- 
chjTna which does not lend itself to endoscopic examination. He was 
able to obtain a satisfactory biopsy specimen in 17 of 24 cases in which 
bronchoscopy was performed. IMoersch and Bowing^® report a case 
of adenocarcinoma of the bronchus and emphasize the importance of 
bronchoscopic study in all cases of vague and indefinite pulmonary 
sj mptomatology no matter what the Roentgen findings may be. For 
it is quite apparent that only endoscopy can discover early and small 
lesions of the bronchi. 

Hemoptysis.— One of the most common sjTnptoms of pulmonarv 
ma ignancy is hemoptysis. As a rule, this is small in amount ye\ 
/Joerer ■' reports a case of fatal hemorrhage following bronchoscopy 
in a patient with an adenocarcinoma of the lung. Hemoptysis may be 
01 other origin than carcinoma of the lung. Gerlinge-*’ states that bron- 
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choscopy is indispensable in cases of hemoptysis of unknown origin, 
especially when there is no evidence of disease obtained by physical 
examination or Roentgen ray. He found bleeding may be due to dilated 
vessels or small neoplasms or other lesions that are insufficient to cause 
signs of its presence by effecting physical findings or noticeable Roentgen 
ray phenomena. Many cases of tracheal syphilis, tuberculosis, car- 
cinoma, papilloma, angioma, varix and ulcer may cause hempotysis 
without evidencing any physical or Roentgen ray findings. Mounier- 
Kuhn^^ describes a case of hemoptj^sis due to hemorrhagic tracheitis. 
The tracheal mucosa in this instance was found to be deeply injected, 
thickened and hyperemic, -with obliteration of normal tracheal land- 
marks. 

Pulmonary Atelectasis. — Pulmonary atelectasis as a consequence of 
surgery, foreign body in the lung, and bronchial neoplasm is quite well 
recognized. However, that atelectasis maj^ follow a tuberculous 
hemoptysis is not so well known. Heatorf- reported a case in which 
dyspnea, physical and Roentgen findings indicated a blockage of the 
bronchus and atelectasis of the lower right lobe. At bronchoscopy, 
many blood clots, found as bronchial casts, were removed from the right 
bronchus with subsequent reexpansion of the lung and relief of dyspnea. 
There was a recurrence of the incident some 6 weeks later with similar 
relief afforded by bronchoscopic removal of the clots. Chronic empyema 
may be caused by an unrelieved postpneumatic atelectasis with em- 
pyema, is the belief of Butler.^ He feels that atelectasis may cause 
fibrosis of the lung parenchyma and chronic empy'ema that can only 
be relieved b j' extensive thoracoplast}\ He states that atelectasis should 
be suspected when postpneumonic empyema fails to clear within a 
reasonable time and favors bronchoscopy for diagnosis and endobron- 
chial aspiration. He reports a case in which bronchoscopy caused 
improvement in breathing and ultimate cure in postpneumonic em- 
pyema when palliative measures failed. 

Pulmonary Suppuration. — Aspiration has always been conceded to 
be an important etiologic factor in pulmonary suppuration. LowenthaP^ 
investigated 21 patients who had been operated upon in other fields 
than the upper respiratory or food passages, under general anesthesia. 
Immediate bronchoscopy' following the termination of the operation 
disclosed pharjmgeal secretions in the tracheobronchial tree in' 76% 
of the patients; thus concurring in views held bj' many that aspiration 
is a most important'factor in the production of postoperative pulmonary 
infections. He advocated frequent suction to the pharyaix during 
anesthesia to decrease the amount of secretion available for aspiration. 

Bronchoscopic therapy of lung suppuration continues to be the sub- 
ject of many' contributions to the literature. Looper^“ advocates 
endoscopic treatment of central abscesses especially if they communi- 
cate with a bronchus. He also favors endoscopy in cases of multiple 
lung abscess in which surgery is contraindicated. Rist and Soulas-' 
stressed that the most brilliant results of endoscopic treatment of abscess 
were in those cases in which treatments were instituted early, i. c., 
within the first 3 or 4 weeks after the formation of the abscess. They 
found that decided clinical improvement could be depended upon after 
4 to G bronchoscopic treatments and that all but one of their patients 
required no more tlian 9. Tliey feel that if prompt impro'-ernent is 
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not noted surgical intervention is. to be considered. _ In another con- 
tribution, Soulas^^ concludes that endoscopic therapy is more successful 
in acute abscess than in chronic, curing 60% of the acute cases as com- 
nared to 15% of the chronic cases subjected to endoscopic therapj . 
Kernan^® also stresses the importance of endoscopic treatment m ear y 
lung abscess and confesses its ineffectiveness m bronchiectasis. 1 mclii 
and Morlock^^ are convinced that the early use of the bronchoscope 
aids in the resolution of the first stages of abscess formation in the period 
of pneumonitis. He feels that endoscopy is harmless and for that reason 
waiting to determine if an incipientlnfection will undergo spontaneous 
resorption is to risk the formation of an abscess that might necessitate 
longer treatment and possible surgery. Moore and Love®® presented a 
preliminary report of their experience with the bronchoscopic applica- 
tion of an active polyvalent staphylococcic bacteriophage in 28 patients, 

14 of whom had bronchiectasis, 10 pulmonary abscess, and 3 chronic 
bronchitis. By means of the bronchoscope they instilled 5 cc. of the 
bacteriophage into the affected bronchus that had been previously , 
freed of secretions and any mechanical obstructions. Of 10 patients 
treated with a commercially obtained phage 4 showed improvement; 
of 18 treated with their own specially prepared phage, 17 showed im- 
provement after but two instillations. 

Dyspnea. — Barach®^ has introduced a noteworthy therapeutic agent 
in the treatment of dyspnea due to asthma and obstructive tracheo- 
bronchial lesions. He advocated the use of helium in a helium oxygen 
mixture to take the place of the conventional nitrogen-oxygen mixture. 
The lower specific gravity of the helium as compared to the nitrogen 
would give a mixture much less dense than that of air and would con- 
sequently be easier to breathe. This mixture was of marked benefit 
in 4 cases of asthma in which it was used. Two infants with obstructive 
lesions in the larynx and trachea were similarly benefited. This may 
prove to be a most valuable addition to our therapeutic armamentarium. 

Esophageal Disease. Dysphagia.— The investigation by McGibbon®^ 
of 7 patients afflicted with dysphagia associated with anemia, reported 
in the literature as the Plummer-Vincent Syndrome, revealed the pres- 
ence of organic esophageal lesions in 6. These were spasm and mem- 
brane at the esophageal introitus, stricture or web at the cricoid area, 
and chronic esophagitis. It is possible that the anemia is consequent to 
the restricted dietary due to the dysphagia. 

Dysphagia due to esophageal stenosis following the ingestion of lye 
L well known. Other substances may cause similar catastrophy. 
Pitkin®® reported a case of stricture due to the accidental administration 
1 I'be infant was being fed a milk mixtiu’e acidified by 

the addition of lactic acid and was given the acid by mistaking the 
Identity of the bottle. Dysphagia, due to stricture, appeared some 3 
weeks later and required gastrostomy and retrograde dilatation, 
itearney^^ reports a similar case due to the ingestion of sulphuric acid, 
it is obvious that more care should be exhibited in the handling of such 
agents. Careful labeling and identifying bottle structure 
^ be enforced by law for all mixtures containing caustic prepara- 
as pamt remowrs, drain-pipe cleaners and the like, that are 

legislation is effectual is proved by 
a sur\ey of esophageal stricture resulting from caustic alkalies made by 
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Tayler.®® He found a decrease of more than 50% in the incidence in 
states in which legislation has gone into effect, in spite of the enormous 
increase in the use of such chemicals. Dysphagia may also be due to a 
paraesophageal diaphragmatic hernia. Vinson and Moersch®® report 
several cases associated with intermittent dysphagia and pain. They 
were able to discover by esophagoscopy the presence of a stricture in 2 
cases and cardiospasm: in a tWrd. 

Neoplasms. — While most neoplasms of the esophagus are malignant, 
occasionally benign growtlrs are encountered. Such growths are usually 
'difficult to discover and may be only found by esophagoscopy. Moersch 
and Broders^^ report a case of adenoma of the esophagus that caused 
dysphagia and epigastric burning. Roentgenologic study revealed an 
unusual narrowing of the esophagus which at esophagoscopy showed 
as a flat mass. A piece taken for biopsy was ultimately reported as an 
adenoma. In addition the patient was found to have a duodenal ulcer. 

Carcinoma of the esophagus is well known as a clinical entity. It is 
unfortunate, however, that the usual picture of the disease that we 
are accustomed to recognize is the terminal one and therefore is of little 
value in aiding the patient. Our efforts must be extended in attempting 
to recognize the early stages of the growth. Jackson®® believes that 
this lamentable inabilitj’’ to make an early diagnosis is in a great measure 
responsible for the practically 100% mortality associated with carcinoma 
of the esophagus. Roentgen study and esophagoscopy are, therefore, 
indicated in every case of disturbance of the swallowing function. Not 
all carcinomas of the esophagus give rise to dysphagia. Mathews and 
Schnabel,®® in a clinical and pathologic study of 108 autopsies, find 
that some 20% of esophageal carcinomas are non-stenosing and there- 
fore not apt to cause dysphagia. These non-stenosing growths were 
usually found in the lower Uvo-thirds of the viscus. The treatment of 
this disorder, as a rule, is a fruitless one, although Steele'*® believes the 
use of endoscopic introduction of radon seeds associated with deep 
external irradiation may have certain possibilities. 

Joseph C. Beck, M.D., 

M. Reese Guttji.vn, M.D. 
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A New Graphic-Mathematical Analysis of Absorption Spectra, as 
Applied to Hemoglobin Derivatives.— D. L. Drabkin (Department of 
Physiological Chemistry, University of Pennsylvania). The absorp- 
tion spectra in the visible and ultraviolet regions (from X700 to X200 
of various hemoglobin derivatives— oxyhemoglobin, carboxyhemo- 
globin, acid and alkaline methemoglobins, cyanmethemoglobin and 
pyridine hemochromogen— have been subjected to analysis. 

The positions of most of the maxima in the absorption curves of these 
hemoglobin derivatives are at equal frequency distances from each other 

-J.- 1 , , F V 10“2 

where n is an 

-2 


These positions may be expressed by n = 

integer (4, ,5, 6, 7, 8, 9, 10 and 11 in the spectra studied) and Vn X 10 
representing the fundamental frennenr-ir Ic An • . 


o • J V., ivuu XX ill me opccuaseuaiea) ana Vo X 1U~^ 

representing the fundamental frequency, is 40. Tivo other maxima 
in tlie green region (visible), which do not belong to the above series 
are also present m all the derivatives. ’ 

The graphic-inathematical analysis indicates that the absorption 

individual units or bands, which may 
be^convenmndy expressed as normal frequency curves of the form 

^ 2 {t= * The summation, of unit curves of this type 
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accurately reproduces the total absorption curve, which is mathe- 
matically given by Syn = ke — 

The analysis brings out the non-obvious, fundamental similarity in 
the absorption spectra of the various hemoglobin derivatives, and may 
lead to an understanding of certain problems in connection with the 
molecular structure of these substances. 


Enlarged Hypophyses in Old Albino Rats.— W. H. F. Addison (De- 
partment of Anatomy, University of Pennsylvania). Greatly enlarged 
hypophyses have been found infrequently in old rats of both sexes in 
The Wistar Institute colony. The weight of the enlarged hypophyses 
averaged 20 times that found in other animals of the same age. Thus 
in a female of 1028 days, the enlarged hypophysis weighed 0.238 gm., 
and in a female of 961 days with an hypophysis of the usual size, the 
weight of the hypophysis was 0.0116 gm. In a male of 960 days, the 
weight of the enlarged hypophysis was 0.279 gm. and in a male of 1100 
days, the weight was 0.012 gm. All the rats were of normal body 
size. The other ductless glands were weighed, but the weights showed 
nothing significant. Microscopic sections of the enlarged hypophyses 
show, in the pars anterior propria, the presence of numerous thin- 
walled blood channels, many widely distended with blood and some 
hemorrhagic areas. There is great increase in the gland-cell population 
and the cells are nearly all of the chromophobe undifferentiated type. 


The Effect of Pituitrin, Water, Theophylline and Salyrgan on the 
Renal Blood Flow and Creatinine Clearance of Unanesthetized Rabbits 
and Dogs.— A. M. Walker, C. F. Schmidt, K. A. Elsom, and C. G 
Johnston (Laboratories of Pharmacology and Research Surgery, Uni- 
versity of Pennsylvania). Renal blood flow was measured by an 
electrical thermostromuhr recently described by Schmidt and Walker; 
at the end of each experiment the instrument, undisturbed in its posi- 
tion on the renal artery, was calibrated by comparison with the method 
of Barcroft and Brodie. Creatinine clearances w'ere measured by the 
usual technique. 

Antidiuresis was produced in 20 animals by the subcutaneous injec- 
tion of pituitrin. The renal blood florv and creatinine clearances 
remained substantially unaltered. Clearly, renal vasoconstriction was 
not responsible for the antidiuresis. 

Water, administered by mouth to 36 animals, produced tenfold 
increases in urine volume. There was no consistent increase in renal 
blood flow as the diuresis developed and in 123 of 211 periods where 
urine volume changed the renal blood flow did not alter in the same 
direction. Creatinine clearances in dogs showed no consistent change; 
in rabbits they usually increased but not to a degree proportional to 
the diurcses. 

Renal blood flow was increased during the diureses produced by 
theophylline in 11 rabbits but the increase endured only one-third as 
long as the diuresis. Although the creatinine clearances usually rose, 
the increases were not proportional to the extent of the diureses. 

During diurcses produced by salyrgjvn in 10 dogs, the renal blood 
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flow showed no increase above the control level in 7 instances. The 
creatinine SilHL" wSlood flow and creatinine clear- 

rMeinreBnlatmgurmerouine. “e“veiagore 

psthetized rabbits was found to De 6.^ cc. i 

averagrpercentage ot plasma fi ltered b y the glomeruh to be 30.2. 

The Relative Biological Effectiveness of Fast Neutrons and Roentgen 

Ka“^erU‘J.rgamsms.-E.E^ 

University of Pennsylvania, with collaboration of P. C. Aebeusolb 
S E. R. Dempster, University of California) Large numbers of 
two small organisms— the Drosophila egg and the wheat seedling 
were irradiated with various amounts^ of 200 kv. Roentgen rays and 
of fast neutrons generated in the University of California cyclotron. 

For the Avheat seedling, one ionization unit of neutrons was found 
to be biologically equivalent to 5 units of Roentgen rays, ivliereas for 
the Drosophila egg 1 unit of neutrons ivas equivalent to only 2 units 
of Roentgen rays. Hence, in general, the biologic effectiveness of 
neutrons relative to Roentgen rays is greater for some cells than for 
others. This general fact has important practical implications, for it 
indicates the possibility that the effectiveness of neutrons upon tumors 
in vivo, relative to Roentgen rays, may be greater than upon normal 
tissues. 


Correction. On page 705 of the last number (November) of this JounNAL the 
Editor inserted a footnote based on erroneous information ivhich ho now wishes to 
correct with apology to the makers of orthoiodoxyhonzoatc. It is not correct that 
this drug contains cincophen, also the agranulocytosis patient referred to was later 
found to have taken fairly largo doses of a drug, containing amidopyrine ns well. — 
Editor. 


Notice to Contributors. — Manuscripts intended for publication in the American 
J ouRNAii OF THE Medical SCIENCES, and correspondence, should bo sent to the 
Editor, Db. Edavard B, Krumbhaar, School of Medicine, Unir'orsity of Pennsylvania, 
Philadelphia, Pa. 


Articles are accepted for publication in the American Journal of the Medical 
Sciences exclusively. 

All manuscripts should be typewritten on one side of the paper only, and should be 
double spaced with liberal margins. The author’s chief position and, when possible, 
the Department from which the work is produced should be indicated in the subtitle. 
Illustrations accompanying articles should be numbered and have captions bearing 
corresponding numbers. For identification they should also have the author’s name 
^tten on the miupn. The recommendations of the American Medical Association 
btyle should followed. It is important that references should be at the end 
o the articles and should be complete,' that is, author’s name, journal, volume, page 
and year (m Arabic numbers) . Titles can be included for less than 25 references. 

8hould_ accompany all manuscripts but will be returned to the 
author if the manusenpt is accepted. 

reSamav'£hSi“‘^ir^"“^^’or;i^'' burnished gratis; additional 

be^asked for i^en thp 250 at the expense of the author. They should 

oe asKea lor when the galley proofs are returned, 

tn^kted'tute expL^e!^*^ language, if found desirable for the Journal, will be 
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